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PREFACE  TO  THE  AMERICAN  EDITION. 


The  beautiful  art  so  fully  treated  in  M.  Boseleur's  Gal- 
yanoplastic  Manipulations  is  one  of  great  and  steadily  growing 
importance,  especially  in  this  country,  and  it  has  long  needed 
and  demanded  a  more  thorough  and  truly  artistic  treatise  than 
any  hitherto  existing  in  the  English  language.  This  pressing 
want  is,  as  it  is  believed,  satisfactorily  filled  by  the  volume 
herewith  presented  to  the  American  public.  That  it  is  much 
the  superior  of  any  other  of  its  kind  ever  issued  here  or  in 
Great  Britain  there  can  be  no  question.  In  it  will  be  found 
many  details  entirely  wanting  in  all  of  the  other  books  in  the 
language  on  this  subject,  besides  the  freshest  and  most  exact 
statements  in  regard  to  all  of  those  points  which  have  been 
treated  by  previous  writers. 

In  the  United  States,  under  the  benign  and  fructifying 
influences  of  a  governmental  policy  which  has  existed  during 
the  past  eleven  years,  and  which  gives  9ome  heed  to  the 
welfare  of  our  diversified  industries,  the  practice  of  this 
charming  art  has  reached  such  proportions  as  place  it  in 
extent  beyond  that  of  any  other  country  in  the  world.  Our 
government  having  now  fully  recognized  the  principle,  that, 
while  exercising  the  right  to  levy  taxes,  it  is  also  charged 
with  the  duty  of  extending  protection  to  those — its  producers 
— who  finally  bear  the  burden  of  all  those  taxes  not  borne  by 
foreigners,  the  triumphs  of  this  industry  in  the  immediate 
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future  must  be  far  greater  than  in  the  past.  In  this  coming 
career  the  treatise  of  M.  Boseleur  will  extend  no  inconsider- 
ably aid  to  it,  in  causing  many  new  and  important  applica- 
tions of  it,  as  well  in  the  larger  as  in  the  smaller  and  more 
delicate  kinds  of  work.  Under  such  circumstances,  it  is  be- 
lieved that  this  volume  can  hardly  fail  to  meet  with  that  sub- 
stantial appreciation,  at  the  hands  of  the  trade  and  of  amateurs, 
to  which  its  merits  entitle  it. 

Philadelphia,  June  22, 1872. 


ATJTHOR'S  INTRODUCTION  TO  THE  FIRST  EDITION. 


If  conscientious  and  persevering  work  he  sufficient  to  make  a 
good  book,  this  one  ought  to  be  excellent. 

Circumstances  which  it  is  not  necessary  to  mention  here 
induced  me,  several  years  ago,  to  relinquish  the  study  of  pure 
science,  and  to  devote  myself  entirely  to  the  new  industry  of 
metallic  deposits  by  the  wet  way. 

Being  in  constant  relation  with  manufacturers,  operators, 
and  artists,  I  soon  began  to  appreciate  their  wants,  and  to 
acknowledge  with  them  how  difficult  it  was  to  extract  from 
too  scientific  and  sometimes  diffuse  works,  methods  of  opera- 
ting which,  being  free  from  scientific  theories,  may  present  in 
a  synoptical  way  all  the  series  of  operations  conducting  to  a 
desired  result. 

Therefore,  upon  the  advice  of  a  great  number  of  persons,  I 
have  undertaken  this  book,  which  I  claim  to  be  conscientious 
and  true,  since  it  does  not  contain  any  formula  which  I  have 
not  tried  personally. 

It  may  be  said  that,  in  the  following  practical  chapters,  I 
have  too  often  sacrificed  the  form  to  the  useful,  and  the  style 
to  the  meaning,  but  I  do  not  pretend  to  write  for  savans,  and 
I  address  myself  to  artists  and  operators  whose  principal  aim 
is  to  understand  and  execute  well. 

In  order  to  assimilate  the  rapidity  of  description  to  that  of 
the  operations,  I  shall  eliminate  everything  historical  and  all 
discoveries  not  yet  applied ;  therefore  every  one  will  have  the 
right  to  claim  what  is  his  own. 

I  shall  generally  indicate  but  a  small  number  of  methods, 
and  often  only  one,  when  it  is  sure  to  give  successful  results. 
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After  the  description  of  modes  of  operation,  the  superiority 
of  which  has  been  proved  by  a  practice  of  every  day,  I  shall 
indicate  to  manufacturers  the  most  simple  processes  for  the 
preparation  of  the  chemical  products  from  which  success  or 
failure  so  often  results.  I  shall  also  try  to  point  out  to  them 
the  means  of  prevention  against  the  poisonous  effects  of  the 
substances  which  they  are  obliged  to  use. 

I  shall  be  happy  if  my  undertaking  results  in  the  advance- 
ment of  an  art  already  flourishing,  and  shall  wait  confidently 
for  the  verdict  of  those  who  shall  put  my  lessons  in  practice. 

A.B. 


INTRODUCTION  TO  THE  SECOND  EDITION. 


In  this  second  edition  I  have  nothing  whatever  to  change 
in  that  I  have  said  in  the  preceding  introduction. 

Greater  care  and  industry  in  the  revision  of  this  book,  in 
order  to  bring  it  up  to  the  present  state  of  knowledge,  is,  I 
think,  the  best  means  of  deserving  the  too  indulgent  praise 
bestowed  by  the  readers  of  the  first  edition. 

A.  R. 
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GALYMOPLASTIC  MANIPULATIOM 


PART  I. 

THTKT  ELECTRaDEPOSrra 


CHAPTER  L 

OBJEGT  OF  THE  ELECTROPLATING  ART. 

.  The  art  of  depositing  metals  by  the  wet  way  com- 
prises two  orders  of  phenomena,  which,  although 
nearly  identical  in  the  appearance  of  their  results,  are 
widely  different  as  regards  the  causes  of  their  produc- 
tion. For  instance,  gilding  by  simply  dipping  into 
liquors  prepared  for  the  purpose  is  the  result  of  chem- 
ical affinities  alone;  on  the  other  hand,  gilding  by 
electro-deposits  cannot  take  place  without  the  sim- 
ultaneous combination  of  chemical  reactions,  and 
dynamic  electricity y  which  has  already  become  of  great 
practical  importance,  although  so  recently  discovered. 
The  frequent  application,  in  the  same  workshop, 
of  metallic  deposits  by  the  wet  way  with  or  without 
the  aid  of  electricity,  renders  it  necessary  that  we 
should  not  separate  the  two  processes,  inasmuch  as 
the  manipulations  and  chemical  preparations  are 
nearly  identical  in  either  case,  and  the  results  are 
similar  in  appearance. 
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The  operations  "  by  simple  immersion,"  by  which 
dissolved  metals  are  reduced  to  their  primitive  me- 
tallic state,  are  due  to  chemical  affinities  alone,  and 
generally  simply  result  in  very  thin  layers  of  the  re- 
duced metal. 

On  the  other  hand,  we  may  by  electro-deposits 
arrive  at  two  different  results : — 

It  may  be  desired,  for  instance,  to  cover  a  common 
metal  with  a  layer  of  another  metal  which  is  more 
precious,  more  resisting,  less  oxidizable,  and  with  a 
more  pleasing  appearance;  but  this  layer,  generally, 
borrows  its  strength  from  the  underlying  metal,  as  is 
the  case  when  we  gild  or  silver  copper,  or  when  we 
cover  zinc  with  copper,  etc. 

Or  we  may  intend  to  reproduce  with  scrupulous  ex- 
actness a  given  article  by  means  of  a  metallic  deposit 
which,  after  its  separation  from  the  mould,  has  suffi- 
cient firmness  to  be  used  for  the  same  purpose,  and 
such  ai*e  the  galvanoplastic  reproductions  of  basso- 
relievos,  medals,  etc.  We  may  also  wish  to  impart 
a  metallic  hardness  to  substances  without  firmness, 
and  retain  at  the  same  time  nearly  their  primitive 
shapes  and  dimensions,  as  when  we  deposit  metallic 
coats  upon  small  statues,  fiowers,  fruits,  insects,  etc. 

We  shall  examine  first  the  thin  electro-deposits  of 
gold  and  silver,  as  their  applications  present  a  great 
variety  and  are  of  general  interest. 

Note We  call — 

Eleciro-metaUiirgy^  the  art  of  extracting  metals  in  a  merchant- 
able form  (sheets,  bars,  or  ingots),  by  the  aid  of  electricity,  A*om 
ores  and  natural  products. 

Electroplating^  the  art  of  covering,  by  the  aid  of  electricity*,  one 
metal  with  a  thin  deposit  or  coat  of  another  metal. 
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ElectrotypinQj  the  art  of  reprodnciDg,  by  electro-deposits,  the 
forms  of  printer's  types. 

Oalvanoplastique  or  galvanoplaatic  art,  the  art  of  reproducing, 
by  galvano-  or  electro-deposits,  an  object  of  art,  especially  when 
moulds  are  necessary. 

The  operations  of  electrotyping  and  of  the  galvanoplastic  art 
are  so  similar  that  the  difference  is  more  in  the  name  than  other- 
wise. We  regard  galvanoplastique  as  more  general  in  its  meaning, 
and  we  shall  therefore  consider  electrotyping  printer's  type  as  a 
branch  of  the  galvanoplastic  art. —  Trans. 


CHAPTER  IL 

CLEANSING. 

CEAKSING  COPPER  AND  ITS  ALLOYS — CLEANSING  BY 

FIBE,    OR     BY    ALKALIES — DIPPING DIPPING    IN 

OLD  AQUA  PORTIS — ^DIPPING  IN  AQUA  PORTIS  AND 
SOOT — ^AQUA  PORTIS  FOR  A  BRIGHT  LUSTRE — DIP- 
PING IN  COMPOUND  ACIDS  FOR  A  BRIGHT  LUSTRE — 
WHITENING  BATH — COMPOUND  ACIDS  FOR  A  DEAD 
LUSTRE — ^DIPPING  IN  NITRATE  OF  BINOXIDE  OF 
MERCURY. 

Cleansing.^ 

Before  we  undertake  to  lay  a  thin  electro-deposit 
of  one  metal  upon  another,  it  is  absolutely  necessary 
that  the  lattei^  should  be  perfectly  clean,  as  the 
slightest  impurity  is  sufficient  to  prevent  the  adhe- 
rence of  the  two  metals. 

The  operation  or  series  of  operations  to  arrive  at 
this  result  is  called  cleansing. 

The  mode  of  cleansing  varies  with  the  metals  ope- 
rated upon,  and  that  which  is  the  most  complicated. 
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and  requires  the  greatest  care  and  perfection  is  when 
we  operate  upon  copper  and  its  alloys.  The  cleansing 
of  other  metals,  such  as  silver,  iron,  lead,  tin,  etc.,  is 
unhappily  more  mechanical  than  chemical,  and  this 
explains  why  the  deposition  of  the  precious  metals 
upon  them  is  generally  more  difficult  and  not  so  firm. 
We  shall  nevertheless  examine  successively  the 
preparation  which  metals  or  their  alloys  must  receive 
before  they  are  ready  for  a  metallic  deposit. 

Cleansing  Copper  and  its  Alloys. 

The  mode  of  cleansing  copper,  brass,  bronze,  mail- 
lechort,  oreide,  similor,  French  gold,  Manheim  gold, 
British  metal,  German  silver,  and  all  those  alloys 
where  the  proportion  of  copper  predominates,  is  the 
same,  and  is  divided  into  six  operations : — 

1.  Cleansing  hy  fire  or  hy  alkalies. 

2.  Dipping. 

3.  Dipping  in  old  aquafortis. 

4.  Dipping  in  new  aquafortis  and  soot. 

5.  Dipping  in  compound  adds  for  a  bright  or  dead 
lustre. 

6.  Dipping  in  nitrate  of  Mnoodde  of  mercury.^ 

Cleansing  py  Fire  or  hy  Alkalies. 

The  articles  for  electroplating  are  generally  soiled 
by  a  coat  of  fatty  matters  coming  from  the  operations 
of  rolling,  drawing,  soldering,  polishing  with  oil,  etc., 
or  from  contact  with  the  hands.  The  foreign  sub- 
stances, and  especially  those  of  organic  nature,  are 

*  Of  these  six  operations,  only  four  are  indispensable ;  the 
third  and  sixth  may  be  dispensed  with  in  many  cases,  which  we 
shall  examine  further  on. 
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destroyed  by  heating  the  pieces  in  every  direction 
over  a  gentle  fire  of  charcoal,  baker's  breeze,  or  spent 
tan.  A  muffle  famace,  heated  up  to  a  dull  red  heat, 
is  to  be  preferred ;  but  small  articles  may  be  cleansed 
in  a  hot  revolving  cylinder,  like  a  coffee-burner. 

This  operation  is  not  adapted  to  very  delicate  arti- 
cles, such  as  filigree  and  spangled  work,  neither  to 
table-forks  and  spoons,  which  must  keep  their  sono- 
rousness and  toughness,  or  to  those  pieces  the  dif- 
ferent parts  of  which  are  united  by  soft  solders.  In 
such  cases,  we  boil  the  articles  in  alkaline  solutions 
of  potassa  or  soda,  which  saponify  the  fatty  sub- 
stances and  render  them  soluble  in  water. 

The  operation  is  performed  in  a  cast-iron  kettle 
where  there  is  a  boiling  and  more  or  less  concen- 
trated solution  of  carbonate  of  potassa  or  soda,  or  of 
American  potash ;  but  I  prefer  caustic  potassa  or  soda 
dissolved  in  ten  times  its  weight  of  water.  This 
solution  lasts  quite  a  long  time,  and,  when  it  has  lost 
part  of  its  power,  it  may  be  reinvigorated  by  a  few 
fragments  of  caustic  alkali.  At  the  boiling-point  it 
will  cleanse  copper  in  a  few  seconds.  If  the  articles 
to  be  scoured  are  joined  with  tin  solder,  they  must 
not  be  allowed  to  remain  too  long  in  the  caustic 
liquor,  which  may  dissolve,  the  solder  and  blacken 
the  copper.  The  kettle  of  lye  has  a  cover,  so  as  to 
prevent  the  carbonatation  of  the  caustic  alkali,  or  its 
saturation  by  the  acid  vapors  of  the  workshop. 

Dipping. 

The  pieces  are  then  dipped  in  a  mixture  of  five 
to  twenty  parts  (in  weight)  of  sulphuric  acid  at  66° 
Baum6  for  one  hundred  parts  of  water.  Most  of  the 
pieces  to  be  cleansed  may  be  dipped  while  hot  in  this 
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mixture ;  bat  certain  alloys,  in  which  tin,  or  zinc,  or 
antimony  predominate,  such  as  those  called  potin, 
or,  very  improperly,  cast  bronzey  cannot  be  so  treated, 
since  the  sudden  cooling  will  occasion  cracks  and 
flaws. 

Copper  articles  may  remain  any  length  of  time  in 
the  dipping  bath ;  but  it  is  absolutely  necessary  that 
they  should  not  be  removed  before  the  black  coat  of 
binoxide  of  copper,  caused  by  the  heating,  is  entirely 
dissolved.  The  remaining  coat  of  red  protoxide  of 
copper  is  unacted  upon  by  the  sulphuric  acid.  We 
should  reniark  that  we  must  not  submit  to  the  action 
of  diluted  sulphuric  acid  articles  having  parts  made 
of  iron  or  zinc,  which  will  be  entirely  dissolved; 
therefore,  we  must  avoid  the  use  of  implements  or 
wires  of  iron,  zinc,  or  steel.  -  A  dipping  bath  which, 
from  previous  operations,  contains  copper  in  solution, 
will  not  suit  for  those  articles  which  may  contain 
iron,  tin,  tin  solder,  antimony,  bismuth,  or  lead.  In 
this  particular  case,  we  must  use  a  newly  made  dip- 
ping bath  with  a  small  proportion  of  acid. 

The  articles  cleansed  by  alkalies  must  be  washed 
before  being  put  into  the  dipping  bath,  or  picMe,  as 
it  is  sometimes  called.  We  cannot  insist  top  much 
on  the  necessity  of  thoroughly  and  rapidly  rinsing 
in  fresh  water  all  the  articles,  before  and  after  each 
of  the  following  operations. 

The  various  manipulations  which  we  shall  pre- 
sently mdicate,  and  which  complete  the  cleansing, 
will  succeed  each  other  without  interruption;  and 
th)3  articles  will  be  stirred  as  well  as  possible  in  the 
acid  baths  (pickles)  and  in  the  rinsing  water. 

In  order  to  prove  the  importance  of  these  opera- 
tions, I  do  not  hesitate  to  state,  that,  even  with  very 
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inferior  electroplating  solutions,  good  results  may  be 
arrived  at  If  the  cleansing  is  perfect,  while  the  con- 
verse is  not  so. 

After  dipping  and  rinsing,  the  various  pieces  are 
fixed  to  a  brass  wire,  or  simply  hooked  upon  brass 
or  copper  hooks  represented  by  Pigs.  1  and  2.  Small 
articles  of  jewelry  are  simply  suspended  to  a  stout 
copper  wire,  as  seen  in  Fig.  3, 


Fig.  1. 


Fig.  J 


Fig.: 


These  hooks  had  better  be  made  of  pure  copper 
than  of  brass;  and,  with  careful  workers,  it  is  still 
preferable  to  use  glass  hooks,  which  are  cheap  and 
not  at  all  corroded  by  the  acids.  Every  one  can  make 
such  hooks  or  supports,  by  bending  glass  ix>ds,  by  the 
beat  of  a  charcoal  fire  or  of  a  gas-burner,  in  the  shape 

Fig.  4. 


of  Fig.  4,  which  is  handy  for  the  manipulation  in 
the  cleansing  or  dipping  vessels. 
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Those  objects  which  cannot  be  suspended  or  at- 
tached to  hooks,  are  put  into  perforated  ladles  of 
porcelain  or  stoneware  (Figs.  5  and  6),  or,  what  is 

Fig.  5.  Fig.  6. 


less  economical,  but  sometimes  absolutely  necessary, 
into  baskets  of  brass  or  copper  wire  cloth  (Fig.  7) 
with  the  uumber  of  meshes  to  suit. 

Fig.  T. 


Persons  who  frequently  have  to  cleanse  very  small 
articles,  will  find  it  advantageous  to  employ  a  basket 
of  platinum  wire  cloth,  which,  although  expensive 
in  the  first  cost,  will  be  found  cheaper  in  the  end,  on 
account  of  its  almost  unalterable  nature. 

Dij^ng  in  old  Aqua  Farti». 
If  we  have  on  hand  aqua  fortis  (nitric  acid)  already 
weakened  by  preceding  dippings,  we  will  plunge  into 
it  the  aiticles  which  have  passed  through  the  sul- 
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pharic  acid  pickle  bath  and  have  been  rinsed.  They 
will  remain  there  until  the  red  coat  of  protoxide  of 
copper  has  entirely  disappeared,  leaving  after  rinsing 
a  uniform  metallic  lustre. 

The  dipping  in  old  aqua  fortis  is  not  absolutely 
necessary,  although  we  recommend  it,  for  two  reasons, 
the  latter  being  the  more  important :  First,  it  econo- 
mizes the  cost  of  fresh  acids ;  second,  as  its  action 
is  slow,  it  prevents  the  too  rapid  corrosion  of  the 
cleansed  copper  during  the  time  of  the  solution  of 
the  protoxide.  If  a  few  operators  frequently  com- 
plain of  the  burned,  pitted,  or  pricked  appearance  of 
their  pieces,  it  is  due  to  the  neglect  of  this  operation 
and  the  direct  dipping  in  stronger  aqua  fortis. 

I  shall  indicate  further  on  the  processes  for  utiliz- 
ing and  extracting  all  that  can  be  saved  from  old 
aqua  fortis  and  other  dipping  baths. 

Dipping  in  Aqua  Fortis  and  Soot. 

After  rinsing  in  fresh  water,  the  absolute  necessity 
of  which  has  already  been  pointed  out,  the  articles, 
well  shaken  and  drained,  are  plunged  into  a  bath 
composed  of — 

Nitric  acid  at  36^  Baum^  (yellow 

aqua  fortis)    ....        100  parts  (volnmes). 
Chloride  of  sodiam  (common  salt)  '    1      ^^  ^^ 

Calcined  soot 1      "  " 

This  mixture  attacks  the  metal  with  the  greatest 
energy,  and  the  pieces  should  therefore  not  remain  in 
it  more  than  a  few  seconds.  The  volume  of  acid 
should  be  about  thirty  times  as  great  as  that  of  the 
articles  to  be  cleaned,  in  order  to  prevent  too  great 
an  elevation  of  temperature  due  to  the  chemical  re- 
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action,  and  which  woald  result  in  the  rapid  weaken- 
ing of  the  acid. 

After  this  hath,  and  rapid  rinsing,  m  order  to  pre- 
vent the  production  of  nitrons  vapors,  the  pieces 
present  a  fine  red  lostre,  sometimes  g^Id-jellow  or 
greenish-yellow,  according  to  the  alloy  employed, 
and  such  as  to  make  people  believe  that  they  are 
entirely  deprived  of  foreign  matter.  It  is  not  so, 
however ;  for,  if  we  plunge  the  pieces  in  this  state 
into  a  gilding  or  silvering  bath,  they  become  entirely 
black  and  without  any  metallic  lustre. 

If,  on  the  other  hand,  we  put  aside  without  rins- 
ing, the  pieces  removed  from  the  dipping  bath,  there 
are  produced  on  their  surface  a  green  firoth  and  ni- 
trous vapor,  which  indicate  the  decomposition  of  the 
acid  with  which  they  are  contaminated.  When  the 
vapors  have  disappeared,  the  pieces,  even  after  wash- 
ing, remain  of  a  dull  black,  on  account  of  the  forma- 
tion of  a  basic  copper  salt  which  is  not  soluble  in 
water. 

This  last  mode  of  operating,  called  blacking  by 
aqua  fortis,  is  preferred  by  a  few  gilders,  varnishers, 
and  color  fixers,  who  find  it  economical  to  allow  the 
production  of  nitrous  vapors  while  the  pieces  arc 
draining  on  top  of  the  vessel  which  contains  the  acids. 
At  all  events,  any  subsequent  operation  is  to  be  pre- 
faced by  a  rinsing  in  fresh  water. 

When  small  objects,  such  as  pins,  caps,  eyelets, 
pearls,  etc.,  are  to  be  dipped,  they  are  often  put  into 
a  stoneware  pot  with  a  small  quantity  of  aqua  fortis, 
and  then  rapidly  shaken  and  stirred.  In  this  case, 
the  acid  is  entirely  used  up  with  the  production  of 
abundant  vapors,  and  the  objects  remain  blackened 
and  ready  for  a  further  cleansing. 


.  ■     'W 
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In  the  above  bath,  soot,  by  its  carbon  and  hydrogen, 
deoxidizes  a  small  proportion  of  nitric  acid,  and  the 
nitrous  gas  produced  unites  with  the  chlorine  of  the 
common  salt  to  form  a  small  quantity  of  aqua  regia 
necessary  to  the  operation. 

I  must  urge  upon  the  operator  to  be  careful  rn  the 
choice  of  the  aqua  fortis.  Three  kinds  of  nitric  acid 
at  36®  are  to  be  found  in  the  trade : — 

One  is  perfectly  white. 

The  other  is  colored  straw-yellow. 

The  last  is  of  a  more  or  less  dark-red  color. 

The  white  acid,  without  nitrous  gas,  does  not  cleanse 
well,  especially  when  freshly  used. 
^     The  red  acid,  which  often  contains  chlorine,  bro- 
mine,  or  iodine,  acts  too  powerfully  and  pits  the 
copper. 

The  straw-yellow  acid,  on  the  contrary,  is  a  mixture 
in  suitable  proportions  of  nitric  and  hypinitric  acids, 
and  ought  to  be  preferred  to  the  others.  Nitric  acid 
at  40°  is  too  energetic  and  costly ;  however,  certain 
operators  who  have  to  cleanse  large  quantities  of 
copper-wares,  prefer  it  on  account  of  the  rapidity  of 
the  operation. 

Aqua  fortis  is  spent  when  its  action  on  copper 
goods  becomes  too  slow,  and  when  the  objects  re* 
moved  from  the  bath  are  covered  with  a  kind  of 
bluish-white  film.  Such  acid  is  then  preserved  for 
the  preceding  operation,  that  is  to  say,  dipping  in 
old  aqua  fortis ;  or  for  dipping  in  the  whitening  bath.* 

*  Very  good  aqua  fortis  may  cleanse  imperfectly  wlien  the  tem- 
perature is  too  low  or  too  high.  This  accounts  for  the  diflSculty 
in  cleansing  in  frosty  weather,  or  during  the  great  heat  of  summer 
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Aqua  Fortisfor  a  Bright  Ijustre. 

There  is  an  excellent  manner  of  obtaining  a  bright 
lustre  for  those  pieces  the  snrfiBtces  of  which  have  been 
dulled  or  slightly  pitted  by  a  defective  cleansing,  or 
by  'their  passage  through  the  acids  for  removing  gold 
or  silver.  It  is  sufficient  to  allow  them  to  remain  for 
a  few  minutes  in  a  bath  composed  of — 

Old  aqua  fortis,  nearly  spent.       .        .        .1  volume. 

Hydrochloric  acid 6  volnmes. 

Water 2      " 

The  pieces,  when  removed  from  it,  are  entirely 
black,  and  must  be  thoroughly  rinsed  in  clear  water 
to  remove  the  kind  of  black  mud  which  covers  them. 
They  are  then  cleansed  and  dipped  anew. 

This  bath,  which  is  in  constant  use  by  vamishers 
on  metals,  and  scarcely  known  by  electrogilders, 
will  certainly  be  found  useful  by  the  latter.  It  is 
also  very  convenient  for  removing  the  sand  adhering 
to  the  castings  of  copper  alloys.  Large  pieces  may 
remain  in  the  bath  during  twenty  or  thirty  minutes, 
and  even  longer,  since  this  mixture  acts  very  slowly 
on  copper  and  its  alloys. 

Dipping  in  Compound  Acids  for  a  Bright  Lustre. 

These  acids,  which  were  rightly  considered  as  in- 
dispensables  by  the  first  gilders  by  dipping,  are  of 
two  kinds  according  to  the  object  in  view. 

If  the  pieces  must  have  a  bright  lustre,  they  are 
stirred  for  one  or  two  seconds  in  a  liquid  (prepared 
the  day  previous,  and  cold)  made  of — 

Nitric  acid  at  36^  (yellow  aqua  fortis)     .    100  yolumes. 
Sulphuric  acid  at  66°  (oil  of  vitriol)         .    100       " 
Common  salt  (chloride  of  sodium)  .        1  volume. 
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It  is  absolutely  necessary  to  rinse  immediately  and  i 

rapidly,  in  plenty  of  water,  the  pieces  which  have  %f| 

been  dipped  in  these  acids.  J 

In  preparing  this  bath,  nitric  acid  is  first  put  into  1 

the  intended  vessel,  and  then  sulphuric  acid,  which  ^ 

is  much  denser  and  would  not  mix  readily  if  it  were  i 

put  in  first. 

At  the  time  of  the  mixing,  and  especially  when  the 
common  salt  is  added,  considerable  heat  is  produced, 
with  evolution  of  such  a  quantity  of  acid  and  delete- 
rious fumes,  that  it  is  prudent  to  operate  in  the  open 
air  or  under  a  good  chimney-hood  with  a  movable 
glass  sash.  As  these  acids  must  be  employed  cold, 
it  is  therefore  necessary  to  prepare  them  in  advance. 

When  in  a  hurry,  these  compound  acids  may  be 
employed  the  same  day  that  they  have  been  prepared, 
provided  the  vessel  is  cooled  off  in  ice  or  in  cold 
water. 

Copper  articles,  after  this  dipping,  are  lighter 
colored  and  much  brighter  than  after  the  passage 
through  aqua  fortis.  They  may  then  be  considered 
as  completely  cleansed. 

The  above  acids  are  too  energetic  for  small  articles, 
such  as  pins,  hooks,  pearls,  etc.,  which  are  generally 
cleansed  in  stoneware  colanders,  the  holes  of  which 
are  more  or  less  obstructed  and  do  not  allow  of  the 
rapid  draining  of  the  acid,  so  that  the  articles  be- 
come heated,  and  blacken  before  they  are  rinsed. 
In  order  to  obviate  this  inconvenience,  the  above 
compound  acids  are  diluted  with  one-eighth  of  their 
volume  of  water,  and  are  sometimes  called  "  bitter 
waters  for  a  bright  lustre." 

Instead  of  dipping  the  objects  in  the  whole  of 
these  bitter  waters,  they  are  put  into  a  stoneware  pot 
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and  rapidly  stin-ed  with  a  small  quantity  of  "bitters," 
and  then  the  whole  plunged  into  a  quantity  of  fresh 
water  as  soon  as  the  acid  has  sufficiently  acted.  This 
method  is  not  economical,  since  the  acid  is  lost;  but 
the  advantage  is  that  the  dipping  liquors  do  not 
become  heated. 

Whitening  Bath. 

Yamishers,  and  even  most  of  the  gold  and  silver 
platers,  instead  of  frequently  preparing  new  baths  of 
compound  acids  for  a  bright  lustre,  use  a  mixture  in 
indefinite  proportions  of — 

Old  aqua  fortis. 

Sulphuric  acid, 

Common  salt. 

And  uncalcined  soot,  which  is  called  "whitening 
bath,  or  white  bath." 

In  a  large  stoneware  vessel,  a  certain  quantity  of 
old  aqua  fortis  from  previous  dippings  is  poured,  and 
then  is  added  twice  the  volume  of  sulphuric  acid  at 
66°.  The  mixture  becomes  heated  and  is  allowed  to 
cool  off  until  the  next  day.  The  nitrate  of  copper 
of  the  old  aqua  fortis  has  become  converted  into  sul- 
phate of  copper,  which  is  much  less  soluble,  and 
which  by  cooling  crystallizes  against  the  sides  of 
the  vessel.  The  liquid  portion  is  decanted  into  an- 
other vessel,  and  then  about  two  or  three  per  cent, 
(in  volume)  of  common  salt,  and  as  much  of  calcined 
soot,  are  added.  This  mixture  is  much  less  energetic 
than  the  compound  acids  for  a  bright  lustre,  and  often 
replaces  them  advantageously.  The  crystallized  sul- 
phate of  copper  is  set  apart,  and  sold. 

This  whitening  bath  is  now  and  then  strengthened, 
according  to  the  need  of  the  operator,  by  the  addition 
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of  stronger  aqua  fortis  and  oil  of  vitriol.  To  replace 
the  portion  used  up  during  the  day,  equal  volumes 
of  old  aqua  fortis  and  oil  of  vitriol  are  added  at  the 
end  of  the  day.  The  next  morning  the  liquors  are 
decanted,  and  a  new  crop  of  sulphate  of  copper  is 
gathered.  Soot  and  common  salt  in  sufficient  pro- 
portions are  also  added.  In  this  manner,  a  perpetual 
and  cheap  whitening  bath  is  prepared. 

A  few  operators  heat  this  bath,  and  substitute 
hydrochloric  acid  for  common  salt. 

Compound  Adds  for  a  Dead  Zmstre. 

If,  instead  of  a  bright  appearance,  it  is  desired  to 
impart  to  the  objects  a  dead  lustre,  they  are,  after 
dipping  in  aqua  fortis  and  rinsing,  plunged  into  a 
bath  prepared  the  day  previous  and  composed  of — 

Nitric  acid  at  36^  (yellow  aqaa  fortis)    .    .    200  voliimes. 
Sulphuric  acid  at  66 ^^  (oil  of  vitriol)  ...     100        ^' 
Common  salt  (chloride  of  sodium)      ...        1  volume. 
Sulphate  of  zinc  (white  copperas)  ...     1  to  5  volumes. 

We  remark  that  in  this  mixture  the  proportion  in 
volume  of  nitric  acid  is  double  that  of  sulphuric  acid. 

The  copper  articles  may  remain  from  five  to 
twenty  minutes  in  the  cold  bath,  and  the  dead  lustre 
will  be  the  more  apparent  as  the  immersion  has  been 
more  protracted. 

From  this  bath,  and  after  a  long  and  thorough  rins- 
ing, the  objects  have  an  earthy  appearance  which  is 
unpleasant  to  look  at.  This  dulness  is  removed  by 
a  rapid  passage  of  the  pieces  through  the  compound 
acids  for  a  bright  lustre  and  by  an  immediate  rinsing. 
If  they  remain  too  long  in  the  latter  acids,  the  dead 
lustre  will  disappear,  and  the  operation  is  to  be  begun 
anew. 
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If  there  be  not  at  hand  a  bath  for  the  bright  lustre, 
the  objects,  after  rinsing,  may  be  rapidly  passed 
through  the  same  bath  for  dead  lustre,  which  will 
remove  the  dulness  of  the  lustre  caused  by  a  long 
immersion  in  the  acid. 

The  compound  acids  for  a  bright  lustre  may,  after 
a  long  use,  be  employed  in  a  certain  measure  for  a 
dead  lustre  bath.  The  mode  of  operation  remains  the 
same. 

A  few  vamishers,  especially  those  who  cleanse  the 
large  embossings  for  furniture,  or  for  clocks  ComU 
fashion,  employ  a  hot-bath  for  dead  lustre,  prepared 
as  follows: — 

Old  aqua  fortis    .        .                .        •    4  to    5  volumes. 
Sulphuric  acid     .....  1  volume. 

Sulphate  of  zinc 8  to  10  per  cent. 

The  last  subi^tance  being  gradually  added  when 
needed  for  increasing  the  deadness  of  the  lustre. 

The  lustre,  thus  obtained,  appears  dull,  ochreous 
and  yellowish ;  but  after  a  thorough  rinsing,  a  passage 
through  the  same  bath  for  one  or  two  seconds,  and  a 
last  rinsing,  it  becomes  clear  enough. 

The  proportions  which  we  have  indicated  for  this 
bath  are  not  immutable.  They  may  be  made  to  vary 
with  the  fancy  and  the  habits  of  the  operator,  and  also 
with  the  degree  of  energy  of  the  old  aqua  fortis 
employed. 

Dipping  in  Nitrate  ofBinoxide  of  Mercury. 

In  order  to  facilitate  the  adherence  of  the  deposit 
with  the  subjacent  metal,  electroplaters  have  bor- 
rowed from  the  gilders  by  fire  an  operation  which 
will  be  found  important  in  practice. 

This  operation  consists  in  plunging  the  cleansed 
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ware,  for  one  or  two  seconds,  into  the  following  solu- 
tion : — 

Water 10  kilogrammes  or  litres. 

Nitrate  of  binoxide  of  mercury      *  10  grammes. 
Nitric  acid  or,  preferably,  sulphuric 

acid 20         " 

When  we  pour  nitrate  of  binoxide  of  mercury  into 
water,  there  is  formed  a  thick  cloud  of  a  yellowish- 
white  color,  which  subsequently  disappears  by  the  ac- 
tion of  the  acid  used.  It  is  well  to  stir  the  mixture 
before  using  it. 

Several  authors  recommend  the  nitrate  of  protoxide 
of  mercury ;  but  I  have  found  in  practice  that  it  is 
inferior  to  that  of  binoxide.* 

The  proportion  of  mercury  salt  above  indicated 
will  be  modified  with  the  size  of  the  pieces  and  the 
nature  of  the  alloy.  For  instance,  less  mercury  will 
be  needed  for  light  pieces  of  jewelry  which  need  a  very 
thin  deposit.  On  the  other  hand,  more  mercury  is 
advisable  for  heavy  objects,  such  as  spoons,  forks,  and 
table  ornaments,  which  should  receive  a  thick  deposit 
of  gold  or  silver.  The  latter  must  come  from  the 
mercurial  solution  with  a  perfectly  white  and  bright 
appearance,  looking  like  silver,  while  the  color  of  the 
former  is  scarcely  changed. 

We  may  lay  down  as  a  principle  that  the  solution 
of  nitrate  of  binoxide  of  mercury  is  the  touchstone 
of  the  cleansing  operations.  With  a  perfect  cleans- 
ing, the  piece  will,  after  passing  through  a  quite 
strong  mercurial  solution,  be  perfectly  white  and 
bright.     On  the  contrary,  there  will  be  a  damascene 

*  Theory  agrees  with  experience,  since  the  exchange  of  bases 
takes  place  between  oxides  of  the  same  degree  HgO  and  GuO. 
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appearance,  or  various  shades  of  color,  if  the  cleans- 
ing has  not  been  properly  done. 

When  the  amalgamating  bath  becomes  spent  by 
use,  it  may  be  reinvigorated  by  the  addition  of  a  few 
drops  of  nitrate  of  mercury  j  but  it  is  more  prudent 
to  prepare  a  fresh  one. 

I  cannot  insist  enough  on  the  necessity,  especially 
when  gilding  or  silvering  by  dipping,  of  allowing  no 
intervals  between  the  various  operations  of  cleansing, 
which,  excepting  the  time  necessary  for  cleansing  by 
fire  or  by  alkalies,  ought  to  take  place  in  less  time 
than  is  needed  to  read  the  following  riemn6 : — 

1.  Cleansing  by  fire  or  by  alkalies. 

2.  Dipping  and  rinsing  in  water. 

3.  Dipping  in  old  aqua  fortis  and  rinsing. 

4.  Dipping  in  aqua  fortis  and  soot,  rinsing. 

5.  Dipping  in  compound  acids  for  a  bright  lustre, 
or  in  the  whitening  bath,  and  rinsing. 

6.  Dipping  in  nitrate  of  binoxide  of  mercury,  and 
rinsing. 

And,  lastly,  plunging  the  articles  into  the  electro- 
plating bath. 

This  mode  of  operation^  before  any  metal  is  deposited 
by  the  wet  way,  is  equally  good  for  copper,  and  all 
the  alloys  rich  in  this  metal.  However,  maillechort, 
on  account  of  the  nickel  it  contains,  will  sometimes 
be  a  little  difficult  to  manage,  and  may  require  freshly 
prepared  dipping  baths.  But  in  this,  as  in  many 
other  cases,  the  operator  will  quickly  learn  by  prac- 
tice all  the  slight  modifications  which  may  be  needed. 
As  a  rule,  copper  and  its  alloys  must  not  be  mechani- 
cally cleansed.  But,  if  notwithstanding  the  proper 
care  maillechort  does  not  cleanse  well,  it  is  then 
cleaned  with  alkalies,  carefully  brushed  with  pumice- 
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stone  dnst  and  a  hard  brush,  then  passed  through 
quite  a  strong  solution  of  binoxide  of  mercury,  and 
lastly  dried  with  a  clean  rag  before  it  is  put  into  the 
bath. 

The  dipping  baths  are  ordinarily  held  in  vessels  of 
glass,  stoneware,  porcelain,  or  of  any  other  ceramic 
compound  which  resists  the  corrosion  of  acids.  Com- 
mon earthenware  and  that  with  a  lead  varnish  must  be 
rigorously  excluded.  The  best  stoneware  we  use 
comes  from  Brittany;  it  is  dark  red,  and  entirely 
unacted  upon  by  the  acids.  Next  come  the  stone- 
wares from  Picardy,  Nevers,  and  Alsace.  The  dip- 
ping pots  must  be  rather  high  than  wide,  and  be 
ftimished  with  a  cover,  in  order  to  prevent  evapora- 
tion. Those  with  ground  edges  may  be  covered  with 
a  pane  of  glass.  Wide  and  flaring  earthen  pans  are 
yerj  good  for  rinsing. 

Electroplaters  and  vamishers  ought  to  be  provided 
with  a  considerable  number  of  dipping  pots  of  various 
sizes  and  shapes,  in  order  to  accommodate  the  work  in 
hand,  and  not  to  be  obliged  to  clean  the  same  piece 
in  two  operations  for  the  need  of  a  suitable  vessel. 

A  large  hood,  communicating  with  a  chimney,  and 
closed  with  a  sliding  glass  sash,  will  contain  the 
follo¥ring  apparatus  for  a  complete  cleansing  opera- 
tion : — 

A  furnace  for  cleansing  by  fire. 

A  pot  for  first  dipping. 

A  pot  for  old  aqua  fortis. 

A  pot  for  aqua  fortis  and  soot. 

A  pot  for  compound  acids  for  dead  lustre. 

A  pot  for  compound  acids  for  bright  lustre. 

A  pot  for  solution  of  nitrate  of  mercury. 

A  pot  for  acids  to  dissolve  gold  from  old  pieces. 
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A  pot  for  acids  to  dissolve  silver  from  old  pieces. 

Two  large  pans  for  rinsing  with  a  constant  flow  of 
water. 

Some  electrogilders,  who  pay  great  attention  to 
the  rinsing  process,  dispose  a  series  of  three  or  four 
wide  stoneware  pans  in  such  a  manner  that  the  con- 
tents of  each  flows  into  the  next  and  lower  one.  The 
rinsing  is  begun  in  the  lowest  pan  and  finished  in  the 
highest,  which  receives  its  water  from  a  stopcock. 

If  the  draft  of  the  chimney  is  not  sufficient,  a  small 
fire  may  be  kindled  under  the  hood.  A  gas-burner 
is  often  sufficient. 

It  may  be  preferable  to  place  the  pot  of  nitrate  of 
mercury,  with  two  rinsing  pans,  near  the  electro- 
plating bath. 


CHAPTER  IIL 


CLEANSING  SILYEK. 


Fob  cleansing  the  metals  mentioned  further  on^ 
science  or  practice  does  not  furnish  us  as  perfect 
methods  as  we  possess  for  cleansing  copper  and  its 
alloys.  We  shall  be  obliged  to  have  recourse  to  me- 
chanical agents  which  will  not,  like  acids,  act  simul- 
taneously on  every  part  of  the  object,  and  therefore,  we 
cannot  entirely  prevent  the  action  of  the  air,  steam, 
gases,  and  acid  fumes.  We  shall,  however,  indicate 
the  best  processes  for  arriving  at  the  most  satisfactory 
results,  within  our  power. 
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Cleansing  Silver. 

In  order  to  prepare  this  metal  for  receiving  a  deposit 
of  any  other  metal,  it  must  be  freed  from  any  im- 
purity. We  begin  by  heating  the  object  at  a  dull 
red  heat  upon  a  slow  fire.  If  the  silver  is  pure,  which 
very  seldom  happens,  it  becomes  covered  with  a  thin 
bluish  film  resulting  from  the  decomposition  of  animal 
or  vegetable  substances.  If,  on  the  other  hand,  and 
as  is  nearly  always  the  case,  the  silver  is  alloyed  with 
a  variable  proportion  of  copper,  the  latter  becomes 
oxidized  and  covers  the  piece  with  a  grayish-black 
coating.  While  the  piece  is  still  hot,  it  is  plunged 
into  a  boiling  pickle  of  water  and  sulphuric  acid, 
which  transforms  the  oxide  into  sulphate  and  dis- 
solves it. 

If  the  heat  has  been  sufficiently  protracted  for  oxi- 
dizing all  the  copper  on  the  surface,  the  object,  when 
removed  from  the  pickle,  is  of  a  perfectly  dead  white. 
It  is  grayish,  on  the  contrary,  if  the  heating  has  been 
too  short,  and  the  operation  must  be  repeated  as 
many  times  as  needed  for  a  perfect  lustre.  This  is 
especially  necessary  with  silver  alloys  of  a  low  degree 
of  fineness. 

A  few  gilders,  instead  of  heating  silver  over  a 
naked  fire,  place  it  in  sheet-iron  boxes  filled  with  a 
mixture  of  powdered  borax,  lime,  and  charcoal  dust. 
In  this  case  the  borax  dissolves  the  oxide  of  copper 
as  soon  as  formed;  as  for  the  chalk  and  charcoal 
dust,  I  do  not  understand  their  utility,  unless  they 
are  intended  to  prevent  the  formation  of  a  small 
quantity  of  oxide  of  silver,  which  would  also  have 
been  dissolved  in  the  pickle.  It  is  possible  that  these 
substances  aid  in   conveying  the  heat  all  over  the 
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piece.  We  derive  this  method  from  the  gold  and 
silver-smiths,  who  employ  it  for  whitening  and  giving 
a  dead  lustre  toT;heir  silverware. 

If  the  objects  to  be  cleansed  are  hollow,  as  certain 
medals  formed  of  two  shells  soldered  on  their  edges, 
it  is  absolutely  necessary,  before  heating,  to  make  a 
small  hole  which  will  allow  of  the  escape  of  the  air 
expanded  by  the  fire.  Without  this  precaution,  the 
piece  will  certainly  burst  open,  and  possibly  result 
in  injury  to  the  operator. 

This  aperture,  necessary  in  one  way,  presents  the  in- 
convenience that  when  the  piece  is  put  into  the  pickle, 
the  acid  liquor  takes  the  place  of  the  air  between  the 
shells  and  is  difficult  to  remove.  In  order  to  prevent 
the  spotting  of  the  piece  by  this  liquor,  it  is  dipped 
for  a  few  minutes  into  a  very  dilute  solution  of  am- 
monia or  of  soda  crystals,  which  neutralizes  the  acid 
and  prevents  its  action  upon  the  silver.  It  is  then 
sufficient  to  place  the  article  between  layers  of  dry 
and  warm  saw-dust  (fir  wood),  which  will  absorb  the 
saline  solution. 

A  few  persons  use  nitric  instead  of  sulphuric  acid 
for  the  pickle  bath.  In  this  case,  the  water  must  be 
distilled,  and  the  acid  free  from  chlorine  or  hydro- 
chloric acid,  otherwise  the  silverware  will  be  covered 
with  a  bluish-white  film  of  chloride  of  silver. 

This  method  of  cleansing  silver  will  not  suit  those 
articles  in  which  iron,  zinc,  etc.,  may  be  present. 
We  must,  in  this  case,  employ  alkalies,  and  polish 
afterwards  with  very  fine  sand  or  pumice-dust,  with 
the  aid  of  a  stiff  and  short  brush  or  with  a  scratch- 
brush  alone. 

Silver,  perfectly  cleansed  by  the  above  operations 
of  heating  and  pickling,  may  directly  receive  a  me- 


SCRATCH-BRUSHING,  39 

tallic  deposit  which  will  have  the  same  dead  lustre 
as  the  object  itself.  We  may  profit  of  this  condition 
for  producing  agreeable  contrasts  between  the  diffe- 
rent parts  of  the  surface,  since  certain  parts  may  be 
burnished  with  the  burnishing  tool.  It  is,  however, 
customary,  before  introducing  the  articles  into  the 
electroplating  bath,  to  scratch-brush  them. 


CHAPTER  IV. 

SCRATCH-BRUSHING VARIOUS  KDrDS    OF    SCRATCH- 
BRUSHES — ^LATHE  FOR  SCRATCH-BRUSHES. 

8cratch-Bru8hi7ig. 

This  operation,  very  frequent  in  our  art,  since  it 
often  precedes,  and  nearly  always  follows,  our  mani- 
pulations, requires  a  special  description. 

Scratch-brushing  consists  in  removing  the  dead 
lustre  on  an  object,  or  cleansing  its  surface,  by  the 
frequently  repeated  friction  of  the  points  of  many 
stiff  and  straight  metallic  wires. 

The  instrument  used  is  called  a  scratch-brush  or 
wire-brush,  and  its  shape  varies  with  the  articles  to 
be  operated  upon. 

A  hand  scratch-brush  is  composed  of  numerous 
wires,  stiff  and  straight,  taken  from  a  bundle,  or  coil 
of  large  diameter,  so  that  the  wires  have  less  tend- 
ency to  curve.* 

For  making  a  good  hand  scratch-brush,  we  choose 
a  bundle  or  coil  of  brass  wire  of  the  proper  degree  of 

*■  For  highly  delicate  objects,  scratch-brushes  are  made  of  spun 
glass,  the  fibres  of  which  are  very  thin  and  elastic. 
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fineness  (Fig,  8),  and  we  wrap  tightly  around  it  a 
good  string  for  about  two-thirds  of  the  intended 
length  of  the  instrument,  usually  20  centimetres 
(about  8  inches).  Then,  with  a  cold  chisel,  we  cut 
the  bundle  of  wire  close  to  the  string  at  one  end,  and 
at  5  centimetres  (about  2  inches)  from  the  other  end 
of  the  string  wrapping.  The  end  close  to  the  string 
is  dipped  into  a  neutral  solution  of  chloride  of  zinc, 
and  plunged  into  melted  tin,  which  solders  all  the 
wires,  and  prevents  their  separation  and  injury  to  the 
hand  of  the  operator. 


Fig.  8. 


Fig.  9. 


The  tool  thus  made  may  be  used  as  it  is,  but  it  is 
preferable  to  fix  it,  by  means  of  another  string,  to  a 
thin  wooden  handle  which  projects  above  the  sol- 
dered end.    (Fig.  9.) 

Scratch-brushes  are  also  made  by  cutting  a  coil  of 
wire  for  a  length  of  30  to  40  centimetres  (about  12  to 
16  inches),  binding  it  in  the  middle,  and  doubling  it 
so  as  to  unite  the  two  ends.    This  process  is  less 
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economical,  and  the  wires  have  a  tendency  to  become 
entangled. 

Very  small  scratch-brushes  are  necessary  for  reach- 
ing small  holes  and  comers. 

An  old  scratch-brush,  the  wires  of  which  have 
been  bent  in  every  direction,  and  fixed  to  a  long 
handle,  is  useful  for  rubbing  the  insides  of  certain 
pieces,  such  as  an  Etruscan  vase,  a  coffee-pot,  etc. 

The  varnishers  on  metals  use,  for  rapid  work,  a 
kind  of  brush  (Figs.  10  and  11)  with  long  and  stiff 
brass  wires.  Such  brushes  will  only  suit  large 
clock  works,  chimneys,  fenders,  etc. 

Fig.  10.  Pig.  11. 


Scratch-brushing  is  scarcely  ever  done  dry;  the 
tool,  as  well  as  the  pieces,  must  be  constantly  wet 
with  a  solution,  which  has  sometimes  a  chemical  effect, 
but  most  generally  acts  as  a  lubricant,  which,  at  the 
same  time,  carries  away  the  impurities. 

The  scratch-brush  is  the  touchstone  of  the  metallic 
deposits:  when  good  they  are  only  polished  by  the 
friction ;  bad  ones  scale  off  from  the  defective  adhe- 
sion. 

A  good  adjunct  for  scratch-brushing  is  a  shallow 
wooden  tub  for  the  solution  employed,  with  a  board 
placed  diametrally,  nearly  level  with  the  edges,  which, 
however,  project  a  little  above.  This  board  serves 
as  a  rest  for  the  pieces.  The  tub  is  raised  by  a  sup- 
port to  about  the  height  of  the  stomach  of  the  opera- 
tor sitting  near  by. 
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The  liquid  employed  is  water  and  vinegar,  or  sour 
wine,  or  solutions  of  cream  of  tartar  or  alum  when  we 
desire  to  brighten  a  gold  deposit  which  is  too  dark. 
But,  most  generally,  we  use  a  decoction  of  liquorice 
root,  horse-chestnut,  marshmallow,  Egyptian  sapo- 
naire,  or  of  the  bark  of  Panama  wood,  all  of  which, 
being  slightly  mucilaginous,  allow  of  a  gentle  rub- 
bing with  the  scratch-brush,  with  the  production  of 
an  abundant  scum. 

The  resting  board  must  not  plunge  into  the  liquid ; 
the  scratch-brush  and  the  article  are  alone  frequently 
wetted. 

Every  five  or  six  days  the  old  liquid  is  removed  by 
careful  decantation,  so  as  not  to  carry  away  the 
deposits  at  the  bottom,  which  always  contain  a  certain 
proportion  of  the  precious  metals,  and  which  are 
collected  to  be  treated  afterwards,  as  we  shall  ex- 
plain further  on. 

With  small  objects  and  articles  of  jewelry,  the 
operator  holds  the  scratch-brush  as  a  writing  pen, 
and  the  motion  back  and  forward  is  imparted  by  the 
wrist  only,  tjie  forearm  resting  on  the  edge  of  the 
tub. 

For  larger  articles  of  bronze,  on  the  contrary,  the 
operator  holds  his  extended  fingers  close  to  the  fore- 
part of  the  scratch-brush,  so  as  to  maintain  the  wires, 
and,  with  raised  elbow,  strikes  the  piece  repeatedly 
with  a  sliding  motion  at  the  same  time.  When  a 
hollow  is  met  which  cannot  be  rubbed  longitudinally, 
a  twisting  motion  is  imparted  to  the  tool.  These 
various  motions  are  better  understood  when  seen  than 
when  described. 

This  mode  of  hand  scratch-brushing  is  long  and 
tedious ;  besides,  it  is  open  to  the  inconvenience,  on 
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account  of  the  irregular  motion  of  the  arm,  of  leav- 
ing on  soft  metals  cross  marks  of  a  disagreeable 
appearance. 

Fig.  13. 


n 


Circular  wire-brushes,  fixed  on  the  spindle  of  a 
lathe,  and  the  wires  of  which  move  all  in  the  same 
direction,  have  been  constructed  for  certain  pieces  of 
silversmith  work,  forks,  and  spoons,  etc. 

Lathe  for  Scratcfi^Srush. 

The  lathe  for  scratch-brushing  (Fig.  12)  is  an 

ordinary  lathe,  upon  the  spindle  of  which  is  fixed,  by 

mandrel  or  chuck,  a  circular  brush  of  brass  wires 

radiating  from  a  wooden  or  metallic  centre.     The 
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wires  are  from  6  to  7  centimetres  long.  (Fig.  13.) 
This  brash  receives  its  motion  from  the  foot  or  from 
■  power,  and  revolves  its  top  towards  the  operator, 
while  the  object  to  be  scratch-brushed  is  present  at 
the  lower  part. 

Fig.  13. 


A  kind  of  wooden  frame  covers  the  wire-brush, 
and  is  open  in  front,  while  the  top  supports  a  small 
reservoir  from  which  a  slender  jet  of  water  runs  upon 
the  summit  of  the  brush.  In  order  to  protect  the 
operator  against  the  water  projected  by  the  rapid 
motion,  there  is  fixed  on  the  top  of  the  frame  a  small 
inclined  board,  which  reaches  a  little  lower  than  the 
axis  of  the  brush,  without  touching  it.  This  board 
receives  the  projected  water  and  lets  it  fall  into  a  zinc 
pan  resting  on  the  bottom  of  the  box.  By  means  of 
a  hole  in  a  comer,  and  an  India-nibber  hose,  att  of 
the  water  runs  into  another  vessel  on  the  floor.  Fig. 
14  represents  a  lathe  of  another  shape,  which  is  well 
adapted  for  pieces  of  small  dimensions,  and  without 
danger  to  the  operator  of  getting  wet. 

The  brass  wire  used  for  the  manufacture  of  hand 
or  circular  scratch-brushes  has  a  strength  variable 
with  its  uses.  Thick  wires  for  bronzes  are  employed, 
from  "No.  12  to  24,  and  thinner  wires  down  to  No.  32 
(French  numbers)  for  lighter  articles.    Very  delicate 
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pieces,  like  wateh-work,  require  mucli  finer  wire,  and 
we  shall  return  to  this  subject  when  speaking  of  the 
gilding  of  watch  parts. 

Fig.  14. 


"When  a  hand  seratch-hrush  becomes  too  short,  the 
twisted  ends  are  cut  with  a  cold  chisel,  and  a  new 
portion  of  wire  is  uncovered  by  removing  part  of 
the  string  wrapping.  The  best  way  to  remove  the 
twisted  wire  ends  is  by  resting  the  scratch-brush 
upon  a  lead  block,  and  cutting  them  with  a  sharp 
cold  chisel,  with  one  stroke  of  a  hammer  if  possible. 
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We  must  be  very  careful  of  our  scratch-brushes, 
and  preserve  the  wires  stiff  and  straight.  When 
they  begin  to  curl,  they  are  now  and  then  beaten 
with  a  mallet  of  boxwood,  upon  a  small  block  kept 
between  the  knees,  so  as  not  to  produce  a  dead  stroke. 

Scratch-brushes  kept  too  long  in  water  become 
hard. 

If  they  are  greasy,  they  are  cleansed  in  caustic 
potassa;  their  oxide  is  removed  by  the  compound 
acids.  This  last  operation,  and  even  the  dipping  in 
aqua  fortis,  are  sometimes  resorted  to  for  diminishing 
the  size  of  the  wires,  and  making  them  smoother. 

The  circular  brush  is  now  and  then  turned  over, 
that  is  to  say,  the  lefl  becomes  the  right  hand  face,  in 
order  to  change  the  direction  of  the  wires. 

A  few  practical  men  have  tried,  by  means  of 
suitable  gear,  to  keep  the  circular  brush  constantly 
immersed  in  the  liquid.  But  the  resistance  offered 
requires  so  much  more  power  that  the  method  has 
been  abandoned.  There  would  have  been  more 
cleanliness,  and  a  more  complete  protection  against 
the  oxidation  of  the  wires  by  the  acid  fumes  of  the 
workshop. 

Scratch-brushing  is  an  important  operation,  the 
more  so  that  many  articles  are  delivered  to  the  trade 
without  any  further  manipulation.  I  would  therefore 
advise  beginners  to  be  thoroughly  practised  in  it 
before  they  undertake  costly  works. 

Note. — Another  apparatus  employed  for  scratch-brushing  and 
polishing  consists  of  a  quantity  of  disks  of  calico  pressed  to- 
gether by  side  washers  and  nuts,  and  mounted  upon  a  mandrel  or 
arbor  revolving  with  great  velocity.  These  calico  brushes  are 
flexible,  and  follow  the  irregularities  of  shape  of  certain  articles. 
They  receive  now  and  then  a  small  quantity  of  rouge  and  water, 
or  pumice-stone,  or  any  other  suitable  polishing  or  abrading  mate- 
rial.—Tran«. 
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CHAPTEE  V. 

BRIGHT  LUSTRE  BY  MUTUAL  FRICTION  OP  SMALL 

OBJECTS. 

Bright  Lustre  hy  Mutual  Friction  of  Small  Objects. 

Very  small  objects,  which  cannot  be  scratch- 
bmshed,  receive  a  bright  lustre  by  mutual  friction. 
The  operation  consists  in  giving  to  the  objects  put 
into  a  narrow  bag  a  regular  motion  to  and  fro.  Water 
and  vinegar  are  also  added,  when  we  desire  to  lighten 
the  color  of  gilt  pearls,  for  instance.  In  other  cases, 
saw-dust  from  fir  or  boxwood  is  employed  for  drying, 
and,  at  the  same  time,  increasing  the  brightness  of 
the  articles. 

The  operation  is  generally  perfoimed  with  the 
hands.  The  articles  to  be  brightened  are  introduced, 
together  with  saw-dust,  bran,  or  sand,  into  a  cloth 
bag  1.25  metre  in  length  (about  4  feet) ;  then,  the 
ends  of  the  bag  being  gathered  into  the  hands  with 
the  thumbs  inwards,  a  regular  motion  with  both  arms 
from  right  to  left  and  from  left  to  right  is  given  to 
the  bag,  so  that  one  of  its  extremities  is  alternately 
on  top  while  the  other  is  downwards.  The  enclosed 
articles  follow,  therefore,  this  motion,  and  by  rolling 
over  each  other  become  gradually  polished. 

Sometimes  two  men  are  employed,  each  one  holding 
one  of  the  ends  of  the  bag.  Another  mode  of  opera- 
tion consists  in  attaching  one  end  of  the  bag  to  a 
hook  fijxed  on  the  wall  at  about  1.25  metre  (about  4 
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feet)  from  the  floor,  while  the  other  end  is  alternately 
raised  and  lowered  by  hand. 

Fig.  15. 


As  this  manual  operation  is  very  fatiguing,  several 
machines  have  been  devised  for  working  by  power. 
Among  the  more  ingenious  ones,  I  will  indicate  that 
of  MM.  Parent  and  Hamet,  button  manufacturers.  As 
repi'cscnted  by  Fig.  15,  it  resembles  a  big  Y.     Xhe 
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hag  is  attached  to  the  two  branches,  and  the  to  and 
fro  motion  is  imparted  by  an  excentrie. 

MM.  Blanzy,  Poure  &  Co.,  manufactara*s  of  me- 
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MM.  Tailfer  &  Co.,  manufacturers  of  pins  at  Aigle, 
and  also  licensed  for  the  use  of  my  patent  on  tinning, 
employ  a  conical  tub  open  at  the  small  end,  and 
inclined  as  seen  in  Fig.  16.  The  bottom  receives 
from  an  excentric  a  peculiar  motion  by  which  it 
describes  a  circle  of  a  certain  radius,  while  the  small 
end  rotates  with  scarcely  any  deyiation  of  its  axis. 
This  apparatus  has  the  advantage  of  holding  a  large 
quantity  of  the  substance,  and  of  allowing  us  to  see 
the  progress  of  the  operation  by  the  open  end.  When 
the  articles  are  suflS.ciently  rubbed,  the  tub  is  made  to 
swipe  .nd  empty  iteelfd„Lw.r<b. 

A  A  A  A,  Wooden  frame  of  the  apparatus  (Fig.  16). 

B,  Tub,  with  iron  hoops,  f  f  F. 

K  N,  Bevolving  shaft,  upon  which  are  fixed  the  fast 
and  loose  pulleys,  l  m. 

D  D,  E  E,  Excentric  universal  gear. 

G  G,  Stirrup,  raised  or  lowered  by  the  pulley  h,  and 
upon  which  the  small,  open  end  of  the  tub  rests  and 
revolves. 

When  the  operation  is  to  be  effected  in  water,  we 
often  use  a  small  tub  suspended  by  two  cords  to  a 
beam  of  the  ceiling,  and  to  which  the  operator  imparte 
a  to  and  fro  motion  by  which  the  articles  are  made  to 
roll  one  over  the  other. 

Another  polishing  apparatus  consists  of  a  tumbler, 
that  is,  a  cylindrical  or  polygonal  drum,  which  is  made 
to  rotate  by  hand  or  power.  In  order  to  prevent  cer- 
tain objects,  like  hooks  for  ladies  dresses,  from  catch- 
ing each  other  and  forming  a  kind  of  ball,  numerous 
nails  or  wooden  pegs  are  fixed  in  the  interior  of  the 
drum. 
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CHAPTEE  YI. 

■ 

GOLD  COLOBSD  VARNISH. 

Gold  Colored  Varnish. 

Although  this  work  is  especially  intended  for 
the  art  of  depositing  metals,  our  readers,  we  believe, 
will  not  object  to  a  description  of  those  processes  by 
which  are  obtained  the  magnificent  varnishes  which 
imitate  so  completely  the  appearance,  freshness,  and 
rich  tones  of  real  gilding.  In  general,  varnish  is 
applied  only  upon  copper  and  its  yellow  alloys. 

Gold  vamishers  operate  as  follows :  After  the  pieces 
have  been  perfectly  cleansed,  scratch-brushed  and  bur* 
nished  if  necessary,  they  are  dried  in  the  hot  saw- 
dust of  fir  wood,  and  wiped  clean  with  a  fine  cloth. 
A  light  coat  of  varnish  is  then  applied  with  a  fitch 
pencil,  and  all  excess  of  varnish  removed  or  levelled 
with  another  flat  brush  of  badger  hair  or  bristles. 
The  two  brushes  are  kept  together  in  the  same  hand, 
the  one  for  varnish  between  the  thumb,  fore,  and  third 
finger,  while  the  flat  one  (without  a  handle)  is  held 
between  the  other  fingers  and  the  palm  of  the  hand. 
In  this  manner  there  is  no  interval  in  the  use  of  the 
two  brushes.  The  varnish  is  kept  in  a  jelly  pot 
or  any  other  similar  vessel,  on  the  top  of  which  a 
string  has  been  stretched  diametrically.  This  string 
is  intended  for  removing,  by  pressure  against  it,  the 
excess  of  varnish  taken  up  by  the  brush  or  pencil. 
The  varnish  which  covers  the  burnished  parts  of  the 
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piece  may  be  removed  with  a  clean  rag  wetted  in 
alcohol  and  wrapped  around  the  finger.  Another  dry 
cloth  finishes  the  drying.  Sometimes  the  burnished 
parts  are  also  varnished,  and  the  operation  is  difficult 
when  their  surface  is  considerable.  Kound  wares, 
polished  or  burnished,  may  be  varnished  on  a  lathe. 

After  the  varnish  has  been  applied  as  equally  as 
possible,  the  wares  are  put  into  a  drying  stove  heated 
from  60°  to  80°  C,  or  supported  upon  wires  on  top 
of  a  small  furnace  heated  with  slow  burning  charcoal 
dust.  The  alcohol  or  essential  oils  of  the  varnish 
are  rapidly  volatilized,  while  the  resins  or  gums  melt 
and  cover  the  objects  with  a  glassy  lustre.  The  heat 
must  be  sufficient  to  melt  these  gums,  but  low 
enough  to  avoid  burning  them.  "When  the  operation 
has  been  well  performed,  the  pieces  present  a  regular 
and  fine  golden  appearance  without  red  places,  which 
latter  indicate  an  unequal  thickness  of  varnish. 

Yarnishers  always  use  four  varnishes  of  different 
shades, —  red  gold,  orange  yellow  gold,  green  gold,  and 
colorless  varnish  foi^  mixtures.  This  last  is  employed 
for  diluting  the  first  three  and  diminishing  the  depth 
of  their  colors.  These  various  varnishes  give  each 
to  copper  its  proper  color,  and,  when  mixed,  inter- 
mediary shades.  It  often  happens  that  the  various 
pai*ts  of  a  large  piece  are  different  in  composition  and 
color,  and  the  vamisher  is  obliged  to  impart  the  same 
shade  of  gold  all  over,  by  skilful  combinations  of 
varnishes.  He  thus  succeeds  in  giving  the  same 
gold  color  to  half-red  copper,  and  to  alloys  of  yellow 
and  green  brass. 

But  a  small  quantity  of  varnish  is  poured  into  the 
varnish  pot  at  one  time,  in  order  to  prevent  it  fi*om 
thickening  by  evaporation,  and,  after  the  operation, 
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the  residue  is  poured  back  into  a  well-closed  vessel. 
The  brushes  and  pencils  must  be  often  washed  in 
alcohol,  which  may  aft;erwards  be  used  for  diluting 
thick  varnishes. 

These  varnishes  are  a  solution  in  a  mixture  of 
alcohol  with  essence  of  lavender  or  of  spikenard,  of 
various  resinous  substances  like  sandarach,  benzoin, 
dragon's  blood,  elemi,  gamboge,  etc.,  and  of  tinctorial 
matters  such  as  turmeric,  annotto,  alkanet,  etc.  All 
qualities  of  varnishes  are  to  be  found,  but  the  more 
expensive  are  often  the  more  economical. 

When  we  desire  to  take  off  the  varnish  from  an 
imperfectly  varnished  piece,  or  from  an  old  one,  we 
may  employ  alcohol  or  concentrated  sulphuric  acid, 
or,  better  still,  a  boiling  solution  of  caustic  lye.  The 
varnishing  is  then  begun  anew. 


CHAPTER  VII. 

CLEA^SIKG  ZINO — LEAD— TIN— CAST  IRON — 
WROUGHT  IRON — ^STksL — ^ETO. 

Cleansing  Zinc. 

Zinc,  next  to  copper  and  silver,  is  the  most  gene- 
rally employed  metal  in  the  electroplating  art.  This 
substance,  which  ancient  chemists  had  ranged  among 
half-metals,  i.e.  those  the  brittleness  of  which  is  an 
impediment,  has  for  some  years  past  been  so  much 
modified  in  its  preparation  that,  at  the  present  day, 
there  are  few  metals  applied  to  more  various  uses 
than  zinc.     It  is  drawn  out  into  quite  tenacious 
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'medium  sized  wires  which  take  the  place  of  lead  and 
braas  wires  for  bindings,  and  of  cords  for  clothes- 
lines ;  other  wires  are  made  so  thin  that  it  is  possible 
to  sew  and  embroider  with  them ;  it  is  laminated  into 
sheets  whose  properties  of  resistance  and  lightness 
render  them  often  preferable  to  other  sheets  of  lead, 
iron,  or  copper;  it  is  cast  into  all  kinds  of  shapes  and 
patterns,  and  the  castings  are  sufficiently  sharp  and 
economical  to  allow  us  to  obtain  from  them  a  great 
number  of  ornamental  pieces  such  as  were  formerly 
made  of  copper,  bronze,  or  brass.  The  clocks,  cups, 
candelabras,  chandeliers,  statues,  and  ornaments  of 
all  kinds  cheaply  obtained  with  this  metal  have 
vulgarized  useful  artistic  objects.  It  is  sufficiently 
strong  and  sonorous  for  such  uses,  but  its  appearance 
is  not  prepossessing,  and  we  cannot  do  better  than 
to  study  the  processes  by  which  its  surface  is  modi- 
fied and  rendered  similar  to  that  of  more  precious 
metals. 

Zinc  ornaments  are  often  covered  with  a  deposit  of 
gold  or  silver;  but,  more  generally,  they  receive  a 
coat  of  pure  copper  or  of  brass  which,  after  several 
chemical  manipulations  to  be  described  further  on, 
presents  the  various  'shades  of  bronze  known  as  vert 
antique^  Jlorentinej  medalj  artistic^  etc. 

But  before  any  of  these  operations  are  commenced, 
the  zinc  must  have  removed  from  its  surface  any 
foreign  matter  which  may  be  there. 

Zinc  is  cleansed  as  follows :  It  is  passed  through  a 
boiling  solution  of  caustic  lye,  without  remaining  too 
long  in  it,  because  it  may  be  corroded,  and  even  dis- 
solved ;  after  rinsing,  it  is  plunged  for  a  few  minutes 
into  water  containing  from  one-tenth  to  one-twentieth 
of  sulphuric  acid,  then  rinsed  in  plenty  of  water 
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(warm  if  possible),  and,  when  necessary,  brushed  all 
over  with  a  stiff  brush  and  pumice-stone  dust,  or  it  is 
scratch-brushed.  This  last  operation  is  especially 
useful  when  parts  have  been  united  with  tin  solder, 
which  becomes  black  and  dull  by  the  alkaline  and 
acid  baths. 

These  processes  never  gave  me  perfectly  satis- 
£u^tory  results,  and  I  found  out  that  the  cleansing 
was  much  more  thorough  when  the  object  was  rapidly 
dipped  into  a  cold  mixture  of — 

Sulphuric  acid        •        •        .        .        100  volumes. 

Nitric  acid 100        " 

Common  salt  •        •        .        .        •        1  per.  cent. 

and  then  still  more  rapidly  rinsed  in  cold  water  per- 
fectly free  from  copper  salt  which  will  blacken  the  zinc. 

If,  instead  of  quickly  cleansing  the  zinc,  we  allow 
it  to  remain  a  little  longer  in  the  above  mixture  of 
acids,  it  acquires  a  fine  dead  lustre  which,  in  some 
cases,  may  be  utilized  for  producing  agreeable  con- 
trasts between  the  various  parts  of  the  same  ornament. 
The  dead  lustre  will  become  a  bright  one,  if  we  rapidly 
plunge  the  object  in  several  times,  and  rinse  it  as 
often,  in  the  same  compound  acids. 

It  happens  quite  often  that  the  lines  of  tin  or  lead 
solder  are  black  after  being  dipped  into  the  acid 
bath;  it  is  then  sufficient  to  scratch-brush  before 
placing  the  object  in  the  electroplating  solution. 

Zinc  may  be  slightly  amalgamated  with  the  solu- 
tion of  nitrate  of  binoxide  of  mercury,  already  indi- 
cated for  copper,  and  which  increases  the  adherence 
of  the  electro  deposits. 

It  is  often  necessary,  from  some  defect  in  cleansing, 
or  in  the  electroplating  operation,  which  impairs  the 
adherence  of  the  deposits,  to  do  the  work  over  again. 
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In  such  case  it  is  prudent  to  remove  the  copper 
entirely,  by  plunging  the  object  into  aqua  fortis  and 
soot,  until  it  appears  entirely  black.  Another  dip- 
ping into  the  compound  acids  will  render  it  perfectly 
clean  and  white,  and  ready  to  receive  a  new  deposit. 
But,  if  the  defective  deposit  be  thick,  it  becomes 
nearly  impossible  to  save  the  piece,  because  the  zinc 
becomes  rapidly  corroded  at  those  places  which  are 
uncovered  by  the  copper. 

Cleansing  Lead,  Tin,  &c. 

Tin,  lead,  the  alloy  of  these  metals  called  solder, 
Algiers  metal,  Boulogne  silver,  Britannia  metal,  etc., 
are  much  more  difficult  to  cleanse  than  zinc.  We  do 
not  know  any  other  process  but  a  rapid  scouring  with 
potash  lye  and  a  rubbing  with  a  hard  substance. 
The  objects  are  sometimes  plunged  into  diluted 
hydrochloric  acid ;  but  the  first  operation  is  nearly 
always  necessary.  IN^otwithstanding  the  greatest 
care,  the  direct  deposit  of  the  precious  metals  is 
difficult  and  does  not  adhere  well.  The  results  are 
much  better,  if  we  interpose  a  coat  of  pure  copper  or 
brass,  between  the  low  metal  and  the  gold  or  silver, 
when  they  adhere  to  each  other  perfectly  well. 
Batteries  and  a  hot  electroplating  bath  are  used  for 
small  objects,  and  cold  baths  for  larger  ones. 

Cleansing  Cast  Iron. 

Cast  iron  is  cleansed  by  remaining  immersed  for 
two  or  three  hours  in  water  containing  one-hundredth 
part  of  sulphuric  acid.  After  this  bath,  the  metal  is 
rinsed  in  cold  water,  and  scoured  with  sharp  sand 
and  a  brush  of  dog's  grass  or  a  coarse  rag,  then  put 
again  in  the  acid  pickle,  rinsed,  and  plunged  into  the 


CLEANSING  CAST  IRON.  57 

electro-bath.  If  more  than  one  per  cent,  of  sulphuric 
acid  be  added  to  the  water,  the  length  of  the  immer- 
sion must  be  shortened,  otherwise  the  cast  iron  will 
be  deeply  corroded,  and  the  carbon  of  the  metal 
which  is  insoluble  in  the  pickle  will,  with  great  diffi- 
culty, be  removed  by  the  friction  of  the  sand.  In 
fact,  cast  iron  injured  by  too  long  an  immersion,  or 
by  a  too  strong  pickle,  does  not  give  good  results  in 
the  subsequent  operations  of  our  art. 

Cast  iron  does  not  become  wiell  gilt,  and  especially 
silvered,  by  a  direct  deposit  of  the  precious  metals. 
Copper  or  brass  deposits  are  better,  although  far 
from  perfect ;  but  if  cast  iron  be  tinned  by  my 
process  described  further  on,  the  coat  is  perfectly 
adherent,  and  will  receive  afterwards  copper,  brass, 
gold,  or  silver,  if  desired. 

Some  operators,  when  cleansing  cast  iron,  prefer 
hydrochloric  acid  (muriatic  acid)  instead  of  sulphuric 
acid.  In  this  case,  five  per  cent,  of  acid  is  necessary, 
and  the  operation  is  more  expensive  and  not  so 
regular.  I  have  ascertained  that  in  our  works,  where 
several  tons  of  cast  iron  are  daily  cleansed  prepara- 
tory to  tinning,  one  per  cent.,  of  sulphuric  acid  in 
water  makes  a  pickle  which  will  last  a  week,  and 
that  by  then  adding  one  per  cent,  of  fresh  acid  to  the 
old  pickle  it  becomes  as  strong  as  before.  Indeed, 
I  prefer  an  acid  bath  already  charged  with  sulphate 
of  iron,  because  the  cast  iron  is  more  uniformly 
corroded.  Such  is  not  the  case  with  hydrochloric 
acid,  a  part  of  which  is  volatilized  with  the  hydrogen 
^as  produced. 

If  it  be  desired  to  keep  for  some  time,  before 
electroplating  it,  cast  iron  already  cleansed,  it  is 
necessary  to  preserve  it  in  a  liqucH*  rendered  alkaline 
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by  caustic  lime,  potassa,  or  soda^  or  their  carbonates; 
but  caustic  lime-water  is  the  cheapest  and  most  easy 
method,  and  cast  iron  which  has  remained  in  it  for  a 
few  hours  will  not  rust  after  quite  a  long  exposure  to 
a  damp  atmosphere. 

Cleansing  Wrought  Iror^. 

The  cleansing  of  wrought  iron  is  effected  in  the 
same  manner  as  cast  iron,  but  may  bear  a  stronger 
pickle  and  a  longer  immersion.  We  refer  in  this 
place  to  ordinary  wrought  iron  covered  with  a  film  of 
black  magnetic  scale  or  of  red  rust.  Whitened,  filed, 
or  polished  irons  must  be  treated  like  steel. 

Cleansing  Steel. 

Polished  articles  of  steel  or  iron  must  be  first 
cleansed  in  a  boiling  solution  of  caustic  lye  (potassa 
or  soda),  and  rubbed  with  pumice-stone  dust,  which 
scratches  the  polish  slightly  and  thus  produces  a 
better  hold  for  the  metals  deposited  afterwards. 
They  are  then  rapidly  passed  through  a  bath  com- 
posed of— 

Water 1000  grammes  (1  litre) 

Hydrochloric  acid    .        •        .  800        ^ 

or  Sulphuric  acid         •        •        .  100        ^' 

rinsed  in  cold  water  and  plunged  into  the  electro- 
plating solution.  We  must  particularly  avoid  sub- 
stituting nitric  acid  (aqua  fortis)  for  the  whole  or 
a  part  of  the  hydrochloric  or  sulphuric  acid  of  the 
above  acid  bath. 

Iron  and  steel  may  be  well  gilt,  without  an  inter- 
mediary coat,  in  hot  gilding  baths  to  be  indicated 
further  on.  Silvering,  on  the  other  hand,  is  always 
imperfect  and  without  adherence,  notwithstanding 
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the  precantions  and  receipts  recommended  in  certain 
books.  I  shall  not  describe  them,  because  most  of 
them  are  wrong,  and  because  the  success  with  the 
others  is  so  problematical  that  they  are  not  adapted 
to  the  arts. 

On  account  of  the  difficulty  of  obtaining  the 
adherence  of  silver  directly  upon  steel  or  iron,  it  is 
customary  to  interpose  a  coat  of  copper  or  brass 
which  renders  the  further  operation  of  silver  plating 
easy. 

As  we  have  just  seen,  the  formation  of  deposits  of 
tin,  copper,  or  brass,  may  be,  for  a  certain  number  of 
metals,  considered  as  the  complement  of  the  cleans- 
ing opj3ration.  I  would  not  hesitate  to  immediately 
describe  these  processes,  were  it  not  that  we  must 
have  recourse  to  that  marvellous  instrument,  the 
galvanic  battery,  which  we  must  first  know  well 
before  progi*essing  further. 


CHAPTER  VIII. 

GAIiVANIO  BATTBKIBS:  OF  DANIBLL — OF  DANIBLL 
WITH  BALLOON— OF  BUNSEK — OF  BUNSBN  MODI- 
FIED BY  ABCHBBBAU — WITH  BIOHBOMATB  OF 
POTASSA  —  OF  GBOVB  —  WITH  BISULPHATB  OF 
MKBCUBY— OF  SMBB— OF  SMBB  MODIFIED — ELBC- 
TBO  -  MAGNETIC  APPABATXJ8  —  PUL VBBMACHEB'S 
BATTBBY. 

Gfahanic  BoMeries. 

We  thus  call  certain  apparatus  intended  to  furnish, 
with  greater  or  less  abundance,  or  with  more  or  less 
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constancy,  the  electric  or  voltaic  fluid  in  its  ^two 
different  states,  positive  (vitreous)  and  negative  (resi- 
nous), the  former  escaping  at  one  end  of  the  apparatus, 
and  the  latter  at  the  other  end.  A  couple  or  element ' 
of  battery  is  composed  of  one  electro-negative  agent 
united  to  one  electro-positive  agent.  The  reunion  of 
a  greater  or  less  number  of  such  elements,  joined  as 
we  shall  see  further  on,  constitutes  the  battery. 

We  call  the  poles  the  opposite  points  from  which 
the  two  fluids  escape,  and  they  are  designated  by 
the  name  of  the  fluid  transmitted.  The  positive pole^ 
or  vitreous,  is  indicated  by  the  algfebraic  sign  + ;  and 
the  negative  pole,  or  resinous,  by  the  sign  — . 

The  metallic  bindings,  ribbons,  or  wires,  which 
conduct  to  a  given  place  each  of  these  fluids  are 
called  conductors^  electrodes^  or  reophores. 

When  the  two  poles  or  their  electrodes  are  brought 
into  contact,  the  circuit  is  closed^  that  is  to  say,  the 
two  fluids  separated  by  the  battery  combine  anew, 
with  the  production  of  sparks  or  without  any  appear- 
ing phenomena,  and  the  neutral  or  natural  fluid  is 
reconstituted. 

When  we  plunge  into  a  liquor  the  ends  (not  in 
contact)  of  the  two  electrodes,  we  say  that  this  liquor 
Is  electrolyzed.  It  is  nearly  always  to  the  wire  con- 
nected with  the  negative  pole  (generally  zinc)  that 
we  attach  the  object  which  is  to  receive  the  deposit, 
and  the  object  takes  the  name  of  the  cathode.  The 
positive  electrode  is  generally  terminated  by  a  foil  or 
wire  of  platinum,  or  by  a  foil  of  the  metal  already 
contained  in  the  solution,  or  by  any  other  electricity 
conducting  substance,  like  the  graphite  (carbon)  of 
gas  retorts  for  instance.  This  wire,  foil,  or  conduct- 
ing substance,  is  called  the  anjode. 

There  are  two  kinds  of  batteries:  Some  operate 
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under  the  action  of  physical  agents,  and,  on  account 
of  their  feeble  intensity,  are  rarely  used. 

Others  act  under  the  influence  of  more  or  less 
yiolent  chemical  reactions,  of  decompositions  and 
recompositions,  or  of  greater  or  less  affinities.  These 
are  the  batteries  which  we  shall  to  a  certain  extent 
describe. 

The  varieties  of  these  instruments  are,  at  the 
present  time,  very  numerous.  They  have  been  modi- 
fied in  their  shape  and  in  the  nature  of  their  materials, 
by  many  persons.  But,  to  sum  up,  the  best  battery 
is  that  which,  under  the  smallest  volume,  is  the  most 
energetic,  constant,  regular,  and  economical. 

We  shall  describe  several  of  them,  which  any  one 
may  buy  or  construct  himself. 

DanielVs  Battery. 

This  battery  develops  quite  a  constant  and  lasting 
current,  it  is,  however,  wanting  in  intensity.  It  is 
especially  adapted  to  those  slow  deposits  which  must 
be  thick  and  of  uniform  texture.  A  great  advantage 
of  this  battery  is  that  it  will  work  without  acids,  and, 
therefore,  without  the  production  of  gases  or  smell. 
In  fact,  it  can  be  used  in  a  private  apartment  withr 
out  inconvenience. 

One  element  of  battery  is  made  of  a  flat  vessel  of 
pure  copper  (Fig.  17),  which  is  half  filled  with  a 
saturated  solution  of  sulphate  of  copper  (blue  vitriol), 
and  into  which  is  placed  a  diaphragm  of  sail  cloth  or 
a  hog's  bladder,  or  better  still  a  cell  of  porous  porce- 
lain or  earthenware  (Fig.  18),  which  causes  the  solu- 
tion of  sulphate  of  copper  to  rise  to  about  one  inch 
from  the  top  of  the  copper  vessel.  The  diaphragm 
or  cell  is  filled  with  a  saturated  solution  of  chloride 
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of  sodiam  (common  salt),  into  which  xb  plunged  a 
well-cleansed  zinc  plate  (Fig.  19). 

Fig.  IT.  Fig.  18.  Fig.  19. 


For  the  proper  working  of  the  apparatus,  it  is 
necessai'j  that  the  levels  of  the  two  solntions  should 
be  nearly  on  the  same  plan.  If  there  be  any  difference, 
the  solution  of  chloride  of  sodiam  may  be  slightly 
above  the  other,  because  there  is  little  inconvenience 
if  a  small  quantity  of  salt  becomes  mixed  with  the 
sulphate  of  coppar.  On  the  contrary,  if  from  a  higher 
level  the  solution  of  sulphate  of  copper  passes  into 
the  diaphragm  or  porous  cell,  the  zinc  is"  immediately 
corroded,  aud  blackened,  and  the  battery  may  cease 
to  work. 

"When  we  employ  one  of  Daniell's  elements  only, 
which  seldom  happens  on  account  of  the  feeble 
intensity  of  the' current,  the  conducting  wire  which 
supports  the  article  to  be  -galvanized  is  connected 
with  the  zinc  plate  by  a  binding  screw  of  brass,  and 
the  other  wire  or  electrode  supporting  the  anode  is 
equally  connected  with  the  copper  of  the  exterior 
vase. 

The  solution  of  sulphate  of  copper  must  be  kept 
constantly  saturated  with  crystals  of  this  salt,  pinn- 
ing into  the  upper  portion  of  the  liquid,  and  inclosed 
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in  a  small  metallic  perforated  box  or  in  a  bag  of 
linen  or  hair  cloth.  A  similar  proceas  may  be 
raaployed  to  keep  the  solution  of  common  salt  in  a 
state  of  saturation.  A  battery  thus  disposed  may  be 
kept  in  operation  for  three  weeks,  or  a  month,  and 
sometimes  longer. 

When  this  battery  is  working,  the  copper  of  the 
decomposed  sulphate  is  deposited  upon  the  copper  of 
the  vessel,  which  thus  increases  in  weight  and  in 
Talae.  The  zinc  is  slowly  dissolved  in  the  solution 
of  common  salt,  and  forms  a  double  chloride  of  sodium 
and  zinc. 

When  two  or  a  greater  number  of  the  elements  of 
a  Daniell's  battery  are  to  be  joined  together,  tbe  sdnc 
of  the  first  element  is  connected  with  the  copper  of 
the  second  element  by  means  of  a  well-cleansed 

Fig.  80. 


metallic  ribbon,  then  the  zinc  of  the  second  with  the 
copper  of  the  third,  and  so  on,  until  the  whole 
apparatus  (Fig.  20),  presents  at  one  end  a  copper 
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rase,  and  at  the  other  a  zinc  plate,  onconnected.  A 
metallic  electrode,  wire,  or  ribbon,  connects  the 
anode  with  the  copper  end,  and  a  similar  electrode  is 
bound  to  the  zinc  end  and  supports  the  cathode  or 
object  to  be  electroplated. 

There  are  numerous  dispositions  of  DanielFs  bat- 
tery, among  which  that  represented  by  Figs.  21  and 
22.  The  engraving  is  sufficiently  clear  to  need  no 
other  explanation,  except  that  the  copper  rods  with 
shelves  for  the  support  of  the  crystals  of  sulphate  of 
copper  are  placed  inside  the  porous  cell,  and  a  cylin- 
drical zinc  plate  outside. 

Fig.  21.  Fig.  22. 
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Another  (Fig.  23),  much  in  use  by  the  electro- 
gilders  of  watch  parts  and  by  telegraphers,  is  com- 
posed of — 

1.  A  cylindrical  vase  of  stoneware,  glass,  or  porce- 
lain; 

2.  A  cylinder  of  zinc  to  which  is  soldered  or  riveted 
a  ribbon  of  pure  copper; 

3.  A  porous  cell  of  baked  clay; 
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4.  A  glass  balloon  with  a  short  neck,  and  filled 
with  crystals  of  sulphate  of  copper.  It  is  closed 
with  a  cork  perforated  with  two  holes,  or  having  two 
notches  cut  on  the  surface  along  its  length. 

Pig.  S3. 


The  rolled  zinc  plate  ia  put  into  the  stoneware  pot 
concentrically  to  the  porous  cell.  The  copper  ribbon 
of  the  zinc  of  the  first  element  dips  on  to  the  bottom 
of  the  cell  of  the  next  element,  in  such  a  manner  that, 
when  several  elements  are  connected  together,  there 
is  at  one  end  the  ribbon  of  a  zinc  plate,  and  at  the 
other  end  a  copper  ribbon  put  into  the  cell.  Then, 
the  porous  cell  and  the  stoneware  pot  are  filled  to 
the  same  level  with  water.  The  balloon  containing 
the  crystallized  sulphate  of  copper  receives  as  much 
water  as  it  can  hold,  and  the  notched  cork  being  put 
ill  place,  the  balloon  is  quickly  inverted  with  its 
neck  in  the  water  of  the  porous  cell.  The  battery  is 
ready  to  work  twenty-four  hours  after.  The  ribbon 
of  the  zinc  end  is  connected  with  the  objects  to  be 
5 
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electroplated,  and  that  of  the  other  cell  end,  with  the 
eohible  anode.  Fig.  24  represents  a  battery  of  three 
of  Daniell's  elements  with  balloon. 

Fig.  24. 


This  disposition  of  Daniell's  battery  operates  as 
follows:  The  sulphate  of  copper  contained  in  the 
balloon  is  dissolved  in  the  water  around  it,  and  as 
this  solution  is  denser  than  water  it  falls  into  the 
porous  cell  through  one  of  the  notches  of  the  cork, 
while  an  equal  quantity  of  purer  and  lighter  water 
ascends  through  the  other  notch,  and  so  on,  produc- 
ing a  circuit  of  denser  liquor  falling  by  one  notch, 
and  of  lighter  liquor  rising  by  the  other.  The  solu- 
tion of  sulphate  of  copper  is  decomposed  in  the 
porous  cell ;  the  sulphuric  acid  passes  through  the 
cell  by  exosmose  and  acts  upon  the  zinc,  and  at  the 
same  time,  the  copper  becomes  deposited  upon  the 
copper  ribbon  connected  with  the  zinc  of  the  former 
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element.  In  order  that  this  battery  may  work  regu- 
larly for  six  or  seven  months,  it  is  sufficient  to  replace 
the  evaporated  water.  The  balloon  ought  to  contain 
at  least  one  kilogramme  of  sulphate  of  copper,  and 
the  zinc  be  from  18  to  20  centimetres  in  height  and 
from  10  to  12  in  diameter.  The  zinc  may  be  amalga- 
mated, in  which  case  the  action  is  a  little  slow  at  the 
start,  but  more  regular  afterwards.  The  copper  rib- 
bon receives  all  the  metal  of  the  decomposed  sulphate, 
and  it  sometimes  happens  that  part  of  the  copper 
becomes  deposited  upon  the  porous  cell,  which  must 
then  be  cleaned  in  aqua  fortis.  When  all  the  sul- 
phate of  copper  is  used  up,  the  balloons  are  filled  with 
a  fresh  quantity  of  crystals  and  new  copper  ribbons 
inserted  to  take  the  place  of  those  rendered  too  volu- 
minous.  This  sort  of  battery  is  in  extensive  use,  and 
properly  so,  by  telegraph  operators.  If  gilders  were 
willing  to  employ  such  batteries,  with  elements  suffi- 
ciently large  and  numerous,  they  could  dispense  with 
acid  batteries  which  require  fresh  food  every  day; 
but,  whether  right  or  wrong,  they  still  prefer  the 
Bunsen  battery,  or  rather  that  modified  by  Archereau, 
which  under  a  much  smaller  volume  is  more  energetic 
in  its  action. 

If  it  be  desired  to  start  immediately  the  Daniell 
battery  with  a  balloon,  it  is  sufficient  to  add  a  small 
quantity  of  sulphuric  acid  or  of  common  salt  to  the 
water  into  which  the  zinc  is  plunged. 

Bunsen? 8  Battery. 

Each  element  is  composed  of  a  glass  vessel  (Fig. 

25)  which  is  half  filled  with  nitric  acid  at  36°  or  40° 
Baum^,  and  which  receives  a  hollow  cylinder  (Fig. 

26)  of  pulverized  coke,  agglutinated  at  a  high  tem- 
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peratnre  by  means  of  sugar,  gum,  tar,  or  any  analogoas 
Bubstance.  This  cylinder  carries  at  the  upper  part, 
which  does  not  dip  into  the  acid,  a  copper  collar 
(Fig.  27)  which  may  be  tightened  at  will  by  means 
of  a  screw.  A  copper  band  or  ribbon  is  fixed  to  the 
collar,  and  may  be  connected  with  the  zinc  of  another 
element.  A  porous  cell  (Fig.  28)  of  baked  porcelain 
is  placed  inside  the  coke  cylinder,  and  contains  a 
diluted  solution  of  sulphuric  acid  (about  -^  acid) 
into  which  is  put  a  bar  or  cylinder  of  zinc  (Fig.  29) 

Fig.  25.        Fig.  26.  Pig.  27.        Fig.  28.    Fig.  29. 
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strongly  amalgamated,  that  is  to  say,  covered  with 
mercury  in  the  manner  we  shall  indicate  further  on. 
Wrought  or  cast  iron  is  sometimes  substituted  for 
zinc;  but  this  process,  although  slightly  cheaper,  is 
open  to  the  objection  of  causing  the  production  of 
foetid  gases,  and  of  rendering  necessary  a  more  fre- 
quent cleansing  of  the  points  of  contact  of  the  con- 
nections. 

When  a  battery  of  several  elements  is  to  be  formed 
(Fig.  30),  the  coke  (carbon)  of  the  first  element  is 
connected  with  the  zinc  of  the  second,  and  so  forth, 
and  the  apparatus  is  ended,  at  one  side,  by  a  carbon 
communicating  with  the  anode,  and  on  the  other,  by 
a  zinc  connected  with  the  cathode,  or  object  to  be 
electroplated. 

The  Grove  battery,  which  we  shall  explain  further 


-  BUITSBSB  BATTERY  HODIFIEXt.  W 

on,  has  shown  the  way  in  which  to  modify  the  Bunsen 
battery  in  order  to  utilize  all  of  its  advantages.    We 

Fig.  30. 


understand  that  in  this  apparatus,  such  as  juat  de- 
scribed, the  surface  of  the  carbon  is  much  greater 
than  that  of  the  zinc;  it  is  a  wrong  dispositiou,  since, 
generally,  the  intensity  of  the  current  is  in  direct 
ratio  -with  the  surface  of  the  zinc  corroded,  provided 
that  this  surface  be  opposite  and  parallel  to  that  of  the 
carhon. 

Buns&rCs  Battery  Modified  hy  Archereau. 

This  battery  is  preferred  to  all  others  by  gold  and 
silver  electroplaters,  and  galvanoplastic  operators. 
We  shall  describe  it  minutely,  taking  as  a  standard 
a  battery  composed  of  medium  sized  elements.  Each 
operator  will  modify  the  proportions  of  the  acids  and 
amalgamating  salts,  according  to  the  dimensions  of 
his  own  apparatus. 

Each  element  is  composed  of: — 

1.  An  exterior  vessel  or  pot  of  glass,  porcelain,  or 
most  generally,  stoneware ; 

2.  A  cylinder  of  amalgamated  zinc, — i.€.  covered 
with  mercury, — provided  with  a  binding  screw  (Fig. 
32)  or  with  a  copper  band  (Fig.  31),  whether  we 
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employ  a  single  element  or  it  belongs  to  the  end 
of  a  combinatioD  of  them,  or  we  have  to  connect  the 
zinc  with  the  carbon  of  another  element; 

Fig.  31.  Fig.  83. 


3.  A  porous  cell  (Pig.  33)  of  baked  pipe  or  porce- 
lain clay; 

4.  A  prism  or  cylinder  of  graphite  (Fig.  34)  cut 


Fig.  83.  Fig.  84.  Fig.  85. 


from  the  residue  found  in  old  gas  retorts;  Fig.  35 
represents  a  prism  of  graphite  (carbon)  with  a  copper 
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band  fixed  to  it  by  means  of  a  wire  of  the  same  metal, 
all  the  binding  being  afterwarde  covered  with  a  thick 
vamieh  intended  to  protect  it  against  the  acid  fiimes 
of  the  battery;  this  disposition  is  hero  indicated  ae 
a  warning  as  to  what  should  be  avoided,  since,  not- 
withstanding the  varnish,  the  acid  rises  by  capillary 
attraction  and  corrodes  the  copper  band  between  the 
carbon  and  the  wire; 

6.  Binding  screws  of  various  shapes  and  sizes 
(Figs.  36  to  39)  to  connect  the  carbon  or  zinc  by 
means  of  ribbons,  or  wires,  or  the  two  together ; 

Fig.  36.  Fig.  87.  Fig.  88.  Fig.  39. 


6.  Conducting  wires  of.  pure  copper,  covered  with 
cotton,  silk.  India-rubber  or  gutta-percha,  and  pre- 
senting the  metal  at  their  extremities  in  order  to 
effect  the  connections. 

Charge  of  the  Battery. 
Taking  as  a  standard  an  element  25  centimetres  in 
height,  and  15  in  diameter,  operate  as  follows : — 

1.  Half  fill  with  water  the  stoneware  pot ; 

2.  Add  to  this  water  200  grammes  of  sulphuric 
acid  at  66°; 

3.  Add  also  30  grammes  of  amalgamating  salt;* 

*  Zinc  may  also  be  amalgamated  witli  metallic  mercnry,  after  it 
ha«  been  cleansed  in  diluted  sulphuric  acid.  It  may  be  dipped 
into  mercury,  or  rubbed  over  with  this  metal  by  means  of  a 
•cratch^brush  of  brass  wire.    This  method  is  much  more  tedious 
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4.  Pat  the  cylinder  of  zinc  into  the  stoneware 
vessel ; 

5.  Then  introduce  the  cylinder  or  prism  of  carbon 
into  the  porous  cell ; 

6.  Fill  the  empty  space  between  the  carbon  and 
the  sides  of  the  cell  with  nitric  acid  at  from  36°  to 
40°  Baume ; 

7.  Lastly,  put  the  porous  cell  thus  filled  into  the 
centre  of  the  zinc  cylinder. 

The  surfaces  of  the  two  liquids  should  be  level. 

Reunion  of  Several  Elements. 

When  several  elements  are  to  be  connected,  they 
are  placed  near  each  other,  without  touching,  how- 
ever, and  the  first  carbon  or  graphite  is  left  free  for 
the  attachment  of  the  anode.  The  ribbon  or  band  of 
the  first  zinc  is  pinched  between  the  jaws  of  the  brass 
binding  screw  and  the  carbon  of  the  second  element, 
and  so  forth,  until  the  last  zinc  is  ready  to  be  con- 
nected with  the  object  to  be  electroplated. 

Bringing  Batteries  into  Action. 

Batteries  will  furnish  electricity  as  soon  as  the 
circuit  is  closed,  that  is  to  say,  when  the  conducting 
wires  starting,  one  from  the  carbon,  and  the  other 
from  the  zinc,  are  put  into  communication  whether 
by  direct  contact  or  by  the  intermediation  of  a  con- 
ducting liquid. 

It  often  happens  that  batteries,  which  appear  to  be 
in  good  order,  do  not  work.     This  is  certainly  due  to 

and  inferior  to  that  of  using  amalgamating  salt,  which  covers 
eqaallj  well  all  the  portions  under  the  liquid,  and  without  ren- 
dering brittle  the  connecting  copper  bands,  as  is  the  case  with 
metallic  mercury. 


BBINGING  BATTERIES  INTO   ACTION.  7^3 

some  foreign  substance  preventing  the  eonductibility 
at  the  points  of  contact,  or  to  the  copper  band  of  one 
zinc  resting  upon  another  zinc.  It  is  evident  that  by 
removing  the  cause  of  the  inconvenience,  the  latter 
disappears. 

Before  using  a  battery,  we  must  always  try  if  the 
fluid  escapes  well  from  both  extremities.  For  that 
purpose  we  present  the  point  of  the  negative  wire  to 
the  carbon  of  the  other  end,  and,  when  everything 
is  right,  a  spark  will  immediately  ensue.  The  same 
experiment  is  made  with  the  positive  wire,  against 
the  last  zinc,  and  another  spark  should  be  produced. 
It  is  still  more  easy  to  have  the  two  endis  of  the  wires 
made  to  rest  at  a  short  distance  from  each  other  upon 
a  piece  of  carbon,  or  upon  a  file,  and  then  rubbing 
with  one  wire  while  the  other  remains  in  contact. 
Numerous  sparks  will  immediately  appear. 

When  one  element  of  a  battery  is  wrongly  put  up, 
we  discover  the  defect  by  successively  presenting 
the  end  of  one  of  the  wires  to  the  carbon  of  each  ele- 
ment, and  that  which  does  not  produce  any  spark 
belongs  to  the  defective  element. 

Too  much  porosity  in  the  cells  is  another  cause  of 
stoppage  in  the  current,  because  the  solution  of  zinc 
which  penetrates,  deposits  upon  the  carbon  a  whitish 
coat  preventing  further  action.  We  must  then  change 
the  cell  and  scrape  off  the  coat  entirely  from  the 
carbon.  This  takes  place  generally  when  the  bat- 
tery has  been  working  several  days  without  the 
addition  of  fresh  liquor,  or  when  there  is  too  much 
acid.  It  also  happens  that  the  battery  will  cease 
working  from  too  great  an  accumulation  of  sulphate 
of  zinc  which,  not  having  sufficient  water  to  remain 
in  solution,  crystallizes  upon  the  zinc,  and  prevents 
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any  further  action.   The  acid  solution  is  then  removed, 
a  fresh  one  substituted,  and  the  zinc  cleaned. 

T  prefer,  for  batteries,  laminated  zinc  to  that  cast 
in  a  mould,  because  the  latter  is  not  so  homogeneous 
and  dense,  and  is  more  rapidly  corroded,  and  even 
perforated. 

Keeping  Batteries  in  Order. 

Every  twenty-four  hours,  and  sometimes  oftener, 
the  losses  of  batteries  must  be  made  good  by  adding, 
without  taking  the  elements  apart,  about  two  tea- 
spoonfuls  of  amalgamating  salt  and  as  much  of  sul- 
phuric acid  to  the  liquor  of  the  zinc  plates,  and 
stirring  with  a  glass  rod.  :N'itric  acid,  to  replace 
that  evaporated,  is  put  into  the  porous  cell.  This 
manner  of  operating  may  be  sufficient  for  five  or  six 
days ;  but,  after  this  lapse  of  time,  all  the  old  liquors 
must  be  removed,  and  fresh  ones  addcid,  instead. 

Although  amalgamated  zinc  is  scarcely  corroded, 
even  in  a  very  acid  solution,  when  the  circuit  is  not 
closed,  that  is  to  say,  when  the  two  poles  are  not  in 
connection  by  direct  contact  or  through  a  conduct- 
ing liquid,  it  is  nevertheless  preferable  to  take  the 
batteries  apart  every  evening  and  in  the  following 
manner : — 

1.  All  the  binding  screws  are  let  loose,  and  cleaned, 
if  necessary ; 

2.  The  prisms  or  cylinders  of  carbon  are  removed, 
and,  without  washing^  deposited  in  a  vessel  especially 
for  their  use ; 

3.  The  porous  cells  are  removed,  and  their  acid 
poured  into  a  special  vessel.  The  cell9  are  not 
washed  ; 

4.  The  zincs  are  removed  from  the  acid  liquor,  and 
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simply  placed  in  an  inclined  position  upon  the  edges 
of  the  stoneware  pots. 

It  is  easily  understood  that  the  batteries  are  made 
ready  to  work  by  a  converse  manipulation. 

ImportatU  Observations  an  Batteries. 

It  is  prudent  to  have  another  set  of  instruments; 
or,  at  least,  a  supply  of  those  parts  which  are  easily 
broken. 

Batteries  must  be  kept  in  a  place  where  the  tem- 
perature does  not  greatly  vary.  A  frost  arrests  their 
action,  and  extreme  heat  increases  it  too  much. 

A  good  place  for  them  is  a  box  or  closet,  and  they 
are  put  at  such  a  height  that  they  may  easily  be 
manipulated.  They  must  not,  however,  be  placed  on 
top  of  the  metallic  baths,  because  when  stirred  or 
moved  about,  drops  of  mercurial  solution  may  run 
down  the  wires  into  these  baths  and  spoil  them.  This 
box  or  closet  should  have  means  of  ventilation,  in 
such  a  way  that  the  air  coming  in  at  the  lower  part, 
will  escape  at  the  top  through  a  flue,  and  will  carry 
away  with  it  the  acid  fumes  constantly  disengaged. 

It  is  well,  when  possible,  to  keep  the  batteries  in  a 
room  difierent  from  that  where  the  baths  and  the 
metals  are  to  be  operated  upon,  and  which  are  so 
easily  injured  by  acid  vapors.  The  galvanic  current 
is  then  conducted  into  the  work-room  by  wires  pass- 
ing through  holes  in  the  wall,  and  covered  with  gutta- 
percha. 

It  is  possible  to  branch  several  conducting  wires 
upon  main  electrodes,  and  thus  operate  several  baths, 
together  or  singly,  with  the  same  battery;  but  I 
prefer  distinct  batteries,  one  for  each  kind  of  metallic 
solution,  because  of  several  baths  that  which  has  the 
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greatest  conducting  power  will  absorb  nearly  all  of 
the  electricity. 

Qrove'a  BaUery. 
This  battery  is  analogous  to  the  preceding  one, 
and  differs  from  it  only  by  a  platinum  foil  which 
plunges  into  the  nitric  acid,  and  replaces  the  prism 
of  carbon.  This  foil  is  supported  by  a  small  brass 
stand  (Fig.  40)  fixed  itself  to  a  round  band  resting 
upon  a  rim  on  top  of  the  exterior  vase.  A  binding 
screw  is  soldered  to  the  stand  when  connection  is  to 
be  made  with  the  copper  ribbon  (or  band)  of  the 
preceding  zinc.     Fig.  41  shows  at  the  same  time 

Fig.  40.  Fig.  41. 


another  disposition  of  the  brass  stand  for  wire  con- 
nections, and  the  ensemble  of  a  mounted  element. 
The  several  elements  of  batteries  are  united  together 
in  the  manner  already  mentioned,  the  zinc  to  the 
platinum  of  the  next  element,  and  so  on. 
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This  battery  has  no  other  inconvenience  than  its 
great  cost,  dne  to  the  platinum  employed.  Mr.Hulot 
has  proposed  to  substitute  a  foil  of  aluminium  for 
that  of  platinum.  Nevertheless,  the  price  is  too 
high,  and  prevents  the  extensive  use  of  the  battery, 
which,  otherwise,  gives  satisfactory  results. 

We  may  mention,  among  batteries  having  some 
analogy  with  that  of  Bunsen  modified  by  Arche- 
reau  : —  , 

1.  The  Grenet's  battery,  in  which  a  solution  of 
100  parts  of  water,  10  of  bichromate  of  potassa,  and 
10  of  sulphuric  acid  in  the  porous  cell,  replaces  the 
nitric  acid  employed  by  Grove  and  Bunsen.  This 
battery  does  not  emit  acid  fumes,  but  the  carbon  is 
rapidly  incrustated  with  oxide  of  chromium,  which 
arrests  the  galvanic  current. 

2.  The  Mari6-Davy  battery,  in  which  sulphate  of 
mercury,  slightly  damp,  replaces  the  nitric  acid  in  the 
porous  cell.  The  working  expenses  of  this  battery 
are  very  high,  and  it  is  used  only  in  the  telegraphic 
service,  where  the  Daniell  battery  with  balloons  is 
still  preferred. 

Smee^s  Battery. 

This  battery  is  very  simple  in  construction,  requires 
only  one  kind  of  liquid  easily  found  everywhere,  and 
does  not  emit  any  smell  or  acid  fumes.  All  these 
advantages  render  it  especially  adapted  to  the  use  of 
provincial  electroplaters  and  jewelers  who  often  prac- 
tice their  operations  in  their  sales-rooms. 

It  is  composed  (Fig.  42)  of  a  thick  wooden  frame 
open  at  the  top,  with  three  internal  parallel  grooves 
which  run  the  length  of  the  two  opposite  sides.  The 
middle  groove  receives  a  movable  plate  of  silver,  pla- 
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um,  gold,  or  copper  which  has  been  stronglj  gilt, 
rered,  or  platinized.  The  surfaces  of  this  plate 
st  be  rough  or  with  a  dead  lustre.  Two  plates  of 
ongl  J  amalgamated  zinc  run  through  the  other  two 

Fig.  48. 


K)Tes.  The  plates  of  zinc  are  but  a  short  distance 
irt,  although  without  contact,  from  the  central  one, 
1  are  connected  by  a  wire  or  a  metallic  band.  The 
litive  wire  starts  from  the  middle  plate,  and  the 
i^tive  from  the  zinc,  and  the  whole  apparatus  is 
mersed  in  a  solution  containing  common  salt  or 
!-tenth  of  sulphuric  acid.  Several  of  such  ele- 
nts  may  be  united  together  by'  connecting  the 
c  of  the  first  with  the  middle  plate  of  the  second, 
1  so  forth.  "We  see  therefore  that  this  battery, 
:.h  one  liquid  and  without  diaphragm  or  porous 
I,  acts  like  those  of  Volta,  Wollaston,  etc. 
[  have  modified  this  battery  in  the  following  man- 
■ :  The  wooden  frame  is  suppressed,  and  the  entire 
1  is  made  of  gutta-percha.  The  two  narrow  sides 
ig.  43)  have  three  parallel  grooves  one  centimetre 
;p,  and  seven  to  eight  millimcti'es  distant  from 
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each  other.    The  central  groove  recelvea  a  plate  of 
carbon  (Fig.  44),  which  advantageously  replaces  the 

Vig.  13.  Fig.  14.  Fig.  15. 


plate  of  silver  or  of  platinized  platinum.  The  two 
other  grooves  receive  two  plates  of  amalgamated 
zinc  with  one  of  the  npper  corners  cut  awaj,  as  seen 
in  Fig.  45.     A  double  binding  screw,  for  the  posi- 

Fig.  46. 
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live  wire,  is  fixed  upon  the  plate  of  carbon  where 
the  t-v^o  zinc  corners  have  been  cut  off,  and  another 
large  binding  screw  unites  the  two  zinc  plates,  and 
carries,  at  the  same  time,  the  negative  wire. 

This  battery  will  work  by  filling  the  cell  with 
w^ater  saturated  with  common  salt,  or  acidulated 
with  one-tenth  of  sulphuric  acid.  It  is  evident  that 
batteries  of  several  elements  may  be  disposed  (Fig. 
46)  by  arranging  them  like  the  ordinary  Smee  bat- 
teries, from  which  they  but  slightly  differ. 

If  we  employ  the  diluted  solution  of  sulphuric 
acid,  the  zinc  will  be  kept  bright  and  clean,  and  no 
hydrogen  will  be  disengaged  by  the  addition  of  a 
small '  quantity  of  amalgamating  salt.  With  the 
solution  of  common  salt,  no  amalgam  is  necessary. 

JElectro-magnetic  Apparatus. 

The  trials  made  in  large  electroplating  works^ 
especially  in  those  of  Messrs.  Charles  Christofle  & 
Co.,  induce  me  to  give  a  short  description  of  this 
apparatus,  although  its  use,  from  some  not  well 
known  cause,  has  been  generally  discontinued. 

The  electro-magnetic  apparatus,  so  called  by  the 
company  formed  for  its  introduction  into  the  arts,  Ib 
essentially  composed  of  a  metallic  wheel,  on  the  cir- 
cumference of  which,  and  at  given  distances,  are 
fixed  metallic  magnets.  "When  this  wheel  rotates 
on  its  axis,  each  successive  magnet  comes  very  close 
but  without  contact,  to  a  series  of  soft  iron  bars 
fixed  at  equal  and  given  distances  upon  a  metallic 
frame.  The  rapid  and  continuous  passage  of  the 
magnets  before  the  bars  of  soft  iron,  causes  the  de- 
composition of  a  great  quantity  of  neutral  fluid,  and 
the  magnets  take  up  the  positive  fluids  while  the 
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negative  one  goes  to  the  bars  of  soft  iron.  "We 
easily  understand  that  it  is  sufficient  to  connect 
conducting  wires  with  the  wheel  of  the  magnets  and 
with  the  frame  of  the  soft  iron  bars,  to  have  at  our 
disposal  the  two  kinds  of  electricity  obtained  by  the 
preceding  batteries.  The  cost  of  the  apparatus,  the 
power  necessary  to  rotate  it,  and  the  difficulty  of 
dividing,  through  many  separated  baths,  the  electri- 
city produced  by  this  method,  appear  to  be  the 
causes  which  have  prevented  the  employment  of  this 
ingenious  apparatus. 

Pulvermacher's  Chain  or  Battery. 

I  cannot  conclude  the  description  ,  ^'g-  *7' 
of  the  instruments  intended  for  fur- 
nishing electricity  to  the  galvauo- 
plastie  operator,  without  mention- 
ing a  marvellous  little  battery  of 
a  peculiar  shape,  and  known  by 
the  name  of  Pulvermacher's  elec- 
tro-medical chain  (Fig.  47). 

This  apparatus,  as  indicated  by 
the  name,  is  intended  by  the  in- 
ventor more  for  therapeutic  than 
industrial  uses.  However,  it  will 
be  found  very  useful  in  many  cases 
by  gilders,  jewellers,  watch- 
makers, etc.,  who,  for  the  gilding 
or  silvering  of  small  articles,  hesi- 
tate before  the  trouble  of  fixing 
up  a  galvanic  battery. 

This  apparatus  is  truly  a  chain, 
not  like  the  useless  one  of  Goldc- 
6 
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berger,  made  of  rings  alternately  zinc  and  copper, 
but  a  chain,  each  link  of  which  is  really  a  voltaic 
element.  Therefore,  the  chain  or  reunion  of  these 
links  is  nothing  else  than  a  true  battery,  the  energy 
of  which  is  proportional  to  the  number  of  links,  and 
the  two  extremities  of  which  are  the  two  poles. 

Each  link  is  made  of  a  small  cylinder  of  soft  and 
porous  wood,  so  as  to  imbibe  and  become  chaFged 
with  the  acid  liquors.  Two  spiral  grooves  are  cut 
on  the  outside,  and  receive  two  parallel  wires  of  zinc 
and  copper,  that  is  to  say,  the  electro-positive  and 
electro-negative  agents. 

On  one  side  of  the  cylinder,  a  small  loop  ends  the 
copper  wire;  the  other  side  is  terminated  by  a  loop 
of  zinc  wire.  For  constructing  the  chain,  the  links 
are  put  together  by  connecting  the  loop  of  zinc  with 
that  of  copper,  and  so  on,  and  the  chain  or  apparatus 
is  ended  on  one  side  by  a  zinc  loop,  and  on  the  other 
by  a  copper  one. 

In  order  that  such  a  chain  shall  immediately  dis- 
engage the  two  kinds  of  electricity  by  its  extremities, 
it  is  sufficient  to  wet  it  with  salt  water,  vinegar,  or 
any  other  diluted  acid.  The  power  of  this  apparatus 
is  surprising,  considering  its  size. 

"When  we  wish  to  gild  or  silver  with  it,  we  begin 
by  wetting  it  with  some  acid  liquor,  and  then  attach 
the  object  to  be  electroplated  to  the  last  loop  of  zinc, 
while  a  small  anode  of  gold,  silver,  or  platinum  is 
fixed  to  the  last  copper  loop.  A  chain  of  six  links 
is  more  than  sufficient  for  gilding  or  silvering  small 
articles,  such  as  watch-cases,  snuff-boxes,  etc. 

After  using  it,  we  wash  the  chain  in  fresh  water, 
and  dry  it  in  a  cloth  or  in  sawdust. 

I  am  informed  by  Mr.  Fulvermacher  that  he  has 
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made  a  great  improvement  in  the  construction  of  his 
hattery-chains^  by  which  any  one  can  replace  the  zinc 
of  the  chain.  Indeed,  zinc  is  the  only  metal  rapidly 
corroded,  and  it  was  formerly  nearly  impossible  to 
replace  it  in  the  chain  I  have  just  described. 

NoTB. — Alexander  Watt  recommends  to  electroplaters,  from 
personal  experience,  the  following  battery:  A  stoneware  jar  hold- 
ing about  four  gallons  receives  a  cylinder  of  thin  sheet  copper, 
dipping  into  water  acidulated  with  two  pounds  of  sulphuric  acid 
and  one  ounce  of  nitric  acid.  A  solid  zinc  cylinder  is  put  into  the 
porous  cell,  which  is  filled  with  a  concentrated  solution  of  common 
salt,  to  which  a  few  drops  of  hydrochloric  acid  have  been  added. 
The  same  author  gives  a  neat  way  of  amalgamating  the  zincs. 
The  mercury  is  put  into  a  coarse  flannel  bag,  dipped  now  and  then 
into  diluted  hydrochloric  acid,  and  rubbed  against  the  surface  of 
the  zinc  cylinder  or  plate. 

Various  kinds  of  metallic  deposits  require  a  variation  in  the 
quantity  or  intensity  of  electricity.  An  intense  current,  for  brass 
and  hard  deposits  for  instance,  will  be  obtained  by  joining  alter- 
nately the  zinc  of  one  element  to  the  copper  or  carbon  of  the  next 
one.  On  the  other  hand,  when,  as  for  silver  plating  for  instance, 
a  smooth  and  not  too  hard  deposit  is  desired,  the  current  should 
be  feeble  in  intensity,  but  considerable  in  quantity,  and  is  obtained 
by  connecting  together  all  of  the  zincs  on  the  one  side,  and  all  of 
the  coppers  or  carbons  on  the  other. 

The  poroos  cells  are  absolutely  necessary  in  batteries  working 
with  two  exciting  solutions,  like  the  Bunsen  battery.  But  the 
troable  arising  from  the  clogging  of  the  pores  of  the  cell,  and 
from  the  difficulty  of  preventing  the  diffusion  between  the  two 
liquids  of  the  porous  cell  and  of  the  Jar,  the  specific  gravity  of 
which  is  constantly  varying,  makes  it  a  great  desideratum  that 
the  cell  should  be  dispensed  with  in  batteries  worked  with  but  one 
exciting  fluid. 

A  good  Wollaston  battery  is  composed  of  a  glass  or  stoneware 
jar^  on  top  of  which  rests  a  wooden  support  having  a  slit  in  the 
middle,  through  which  a  zinc  plate  passes.  Two  copper  plates, 
one  on  either  side  of  the  zinc,  are  fastened  to  the  wooden  support, 
and  connected  with  a  binding  screw.  This  disposition  utilizes 
the  electricity  of  both  faces  of  the  zinc  plate,  but  the  latter  should 
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be  thoroughly  amalgamated.    The  excitiDg  solution  is  composed 
of  one  part  of  sulphuric  acid  to  fifbeeu  of  water. 

The  Callaud  battery  is  a  modification  of  that  of  Daniell,  doing 
away  with  the  porous  cell.  A  jar  is  filled  with  water  acidulated 
with  sulphuric  acid,  only  for  starting  the  solution  of  the  zinc, 
since  the  sulphuric  acid  will  be  furnished  afterwards  by  the  sul- 
phate of  copper.  The  zinc  and  copper  plates  are  both  placed 
horizontally  in  the  jar ;  the  zinc  in  the  upper  part,  and  the  copper 
lying  on  the  bottom.  To  start  this  battery,  it  is  only  necessary 
to  throw  into  the  jar  a  few  crystals  of  sulphate  of  copper.  These 
go  to  the  bottom,  dissolve  and  form  a  saturated  solution  around 
the  negative  plate  of  copper. 

Several  improvements  have  been  made  in  this  battery,  as  follows : 
The  electrode  or  conducting  wire  from  the  copper  plate  is  made 
to  pass  through  a  glass  tube  reaching  down  to  the  bottom  of  the 
jar,  and  large  enough  to  contain  a  supply  of  crystals  of  sulphate 
of  copper  necessary  to  keep  a  saturated  solution  in  the  lower  part 
of  the  cell.  In  this  manner  we  avoid  disturbing  the  upper  part 
of  the  liquid  in  which  the  zinc  dips,  and  its  mixture  with  the 
solution  of  sulphate  of  copper.  The  deposits  from  the  zinc  and 
other  impurities  are  prevented  from  falling  upon  the  copper  plate, 
and  thus  from  interfering  with  the  current,  by  covering  the  copper 
plate  with  a  layer  of  clean  quartz  sand,  which  serves  also  as  an 
obstacle  to  the  difi'usion  upward  of  the  sulphate  of  copper,  because 
the  interstices  between  the  grains  act  as  a  series  of  narrow  tubes. 
The  thicker  the  layer  of  sand,  the  more  completely  is  difiTusion 
prevented,  but  the  force  of  the  current  diminishes  by  reason  of 
the  increased  resistance.  Diffusion  upward  can  be  prevented 
without  decreasing  the  power  of  the  current,  provided  the  battery 
be  not  kept  too  long  without  working.  This  is  accomplished  by 
projecting  from  the  copper  plate  at  the  bottom,  little  pieces  of 
copper, directed  upward  toward  the  zinc,  but  not  touching  it.  As 
soon  as  the  current  passes,  the  portions  of  sulphate  of  copper 
nearest  the  zinc,  wliich  are  those  that  have  difllised  upward  the 
farthest,  are  reduced  in  preference  to  the  portions  lower  down, 
and  every  attempt  at  rising  is  put  down  as  soon  as  the  current 
passes. 

Mr.  P.  Casamayor,  of  New  York,  in  a  thorough  examination  of 
Callaud's  battery  and  its  modifications,  has  made  the  following 
tests  with  the  galvanometer:  With  an  element  of  Callaud,  which 
gives  a  deflection  of  77^,  if  a  layer  of  beach  sand  of  one  inch  and 
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a  half  in  thickness  is  placed  over  the  copper  plate,  everything  else 
remaining  in  the  same  condition,  the  deflection  will  be  68^.  If 
the  layer  be  three  and  a  half  inches  thick,  the  deflection  will  be 
57^.  For  comparison,  a  Daniell  battery,  with  a  cup  and  plate  of 
the  same  size,  gave  a  deflection  of  87°. 

The  Callaud  battery  is  therefore  less  powerful  than  one  of 
Daniell,  of  the  same  sixe,  and  recently'  prepared.  But,  when  the 
latter  has  been  working  for  some  time,  when  diflfhsion  has  taken 
place  bejiween  the  liquids  of  the  cell  and  of  the  Jar,  etc.,  the  supe- 
riority of  Callaud's  battery  becomes  at  once  apparent. —  Trans. 


CHAPTER  IX 

COPPER  DEPOSITS — BY  DIPPING BY  BATTERY. 

Chpper  DeposUs. 

We  have  said,  in  the  articles  on  cleansing,  that  it 
was  often  useful,  and  sometimes  absolutely  necessary, 
to  eflTect  a  primary  deposit  of  copper,  brass,  and  even 
tin  upon  common  metals  or  alloys,  such  as  wrought 
and  cast  iron,  zinc,  Algiers  metal,  etc.,  before  they 
receive  the  precious  metals.  These  various  opera- 
tions are  often  not  only  the  complement  of  the 
cleansing  process,  but  also  give  products  ready  for 
the  trade  without  any  further  operation.  We  shall 
carefully  describe  the  various  formulae,  by  the  aid  of 

which  we  arrive  at  these  results. 

« 

Chpper  Deposits  (hy  dipping). 

Copper  deposits  are  obtained,  accoi*ding  to  the 
metals  employed  or  the  object  in  view,  either  by 
simple  dipping  or  by  galvanic  methods. 

Copper  deposits  by  dipping  are  seldom  practised 
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except  upon  iron,  and  are  generally  wanting  in  last- 
ing qualities.  They  are  intended  to  please  the  eye 
only,  since,  from  the  thinness  of  the  deposit,  the 
iron  is  not  protected  against  atmospheric  influences. 
It  may  even  be  rendered  more  liable  to  oxidation. 
We  employ  a  bath  composed  of — 

Sulphate  of  copper  (bine  vitriol)    •        .     100  grammes. 
Sulphuric  acid  (oil  of  vitriol)          .        .    100        ^^ 
Water 5  to  10  litres. 

If  the  iron  is  steeped  in  this  solution  for  a  short 
time  only,  it  immediately  becomes  covered  with  a 
bright  pellicle  of  pure  copper  having  a  certain  adhe- 
rence; but  should  it  remain  there  for  a  few  minutes, 
the  deposit  of  copper  is  thicker  and  muddy,  and  does 
not  stand  any  rubbing.  In  this  jcase,  we  are  obliged 
to  compress  it  by  means  of  ix>llers  or  a  draW  plate, 
in  order  to  impart  a  certain  cohesion  to  the  molecules 
of  copper.  Such  is  the  process  by  which  are  obtained 
those  coppered  iron  wires  so  much  used  for  the 
manufacture  of  elastic  beddings,  etc. 

Small  articles,  such  as  hooks,  pins,  nails,  etc.,  are 
coppered  by  jerking  them  about  for  a  certain  length 
of  time  in  sand,  bran,  or  sawdust  impregnated  with 
the  above  solution,  diluted  with  three  or  four  times 
its  volume  of  water. 

Copper  Deposits  (by  the  battery). 

Electro-deposits  of  copper  are  obtained  by  two 
different  methods:  First,  by  decomposing  a  simple 
salt  of  copper,  the  sulphate  for  instance,  which  is 
suitable  for  those  metals  only  which  are  not  decom- 
posed by  the  acid  solution ;  secondly,  by  decomposing 
a  double  salt  of  copper  with  another  base,  such  as 
the  double  cyanide  of  potassium  and  copper.    This 
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latter  process  is  equally  well  adapted  to  all  metals 
and  alloys. 

The  first  process  of  copper  deposits  by  a  simple 
salt  of  copper  will  be  ti*eated  in  extenso  in  the  second 
part  of  this  work,  t\  e.,  the  Galvakoplastio  art 
proper.  Copper  deposits  by  the  galvanic  decompo- 
sition of  double  salts  is,  on  the  other  hand,  the  sub- 
ject which  occupies  us  in  this  place. 

Copper  deposits  in  baths  holding  the  double  salts 
are,  as  we  have  already  said,  well  adapted  to  all 
metals  and  alloys;  they  are  fine,  lasting,  and  their 
thickness  is  entirely  regulated  by  the  will  of  the 
operator. 

The  most  simple,  although  not  the  most  economical, 
process  consists  in  dissolving  a  soluble  or  insoluble 
salt  of  copper  in  water  holding  a  sufficient  quantity  of 
the  cyanide  of  potassium.  We  generally  proceed  as 
follows:  Dissolve  500  grammes  of  sulphate  of  copper 
in  ten  litres  of  water,  and  add  a  solution  of  carbonate 
of  soda  until  no  more  precipitate  is  formed ;  collect 
the  green  precipitate  (carbonate  of  copper)  thus 
obtained  upon  a  cloth  filter,  and  wash  it  several 
times  with  water ;  then  stir  the  washed  carbonate  of 
copper  in  water,  to  whieh  cyanide  of  potassium  is 
added  until  the  carbonate  is  entirely  dissolved,  and 
the  solution  is  colorless.  It  is  advantageous  to  add 
a  small  excess  of  cyanide,  which  will  increase  the 
conducting  power  of  the  liquor. 

This  bath  may  be  indifferently  employed  hot  or 
cold,  and  requires  for  its  decomposition  quite  an  in« 
tense  electric  current. 

A  copper  plate  or  foil  forms  the  anode,  and  becom- 
ing slowly  dissolved,  nearly  makes  up  for  the  loss  of 
the  bath  in  copper  which  has  deposited  on  the  nega- 
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tive  pole.  This  anode  must  be  removed  when  the 
bath  doed  not  work,  because  it  will  be  dissolved  even 
without  an  electric  current,  and  the  bath,  having  been 
overcharged  with  copper,  which  is  indicated  by  a 
blue  or  green  color,  will  require  a  fresh  addition  of 
cyanide  to  be  in  good  order. 

This  bath,  we  repeat,  is  not  economical,  and  will, 
besides,  act  in  a  whimsical  way.  We  have  found  by 
practice  that  either  of  the  following  formulae  is  to  be 
preferred  in  every  respect : — 

First  Formula. 

CONVENIENT  FOB  ALL  METALS  OR  ALLOTS,  AND  INDIFFERENTLY 

EMPLOYED  COLD  OR  WARM. 

Water 10  litres. 

Acetate  of  copper  (crjstallixed)      .        .  200  grammes. 
Carbonate  of  soda  (crystals)    .        •        •  200        ^' 

Bisulphite  of  soda 200        ^^ 

Cyanide  of  potassium  pure  per  cent.*      .  200        ^^ 

For  preparing  this  bath,  the  acetate  of  copper  is 
put  first  into  the  vessel,  and  moistened  with  suffi- 

*  We  shall  see,  at  the  end  of  this  work,  in  the  chapter  on 
Chemical  Products,  article  Cyanide  of  Potassium^  that  there  is 
very  little  uniformity  in  the  composition  of  this  salt,  as  found  in 
the  trade.  Cyanides  are  sold  which  do  not  contain  more  than 
30. per  cent,  of  real  cyanide,  the  remainder  being  carbonate  of 
potassa.  We,  ourselves,  manufacture  three  qualities  of  this  pro- 
duct for  different  kinds  of  work.  Our  pure  cyanide  contains 
from  96  to  98  per  cent,  of  real  cyanide,  and  we  designate  it  by 
the  sign  of  per  cent,  or  No.  1.  The  second  quality,  employed  by 
galvanoplastic  operators  and  copper  or  brass  electroplaters,  is  a 
little  more  economical;  it  holds  from  65  to  70  per  cent,  of  real 
cyanide,  and  is  called  No.  2.  We  also  manufacture  a  cyanide 
No.  3,  which  contains  from  40  to  50  per  cent,  of  real  salt,  and 
which  we  sell  mostly  to  photographers,  for  working  their  papers 
and  cleaning  their  hands  when  stained  by  nitrate  of  silver  or 
chloride  of  gold. 
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cient  water  to  make  a  homogenous  paste.  This 
salt,  like  flour,  is  wetted  with  difficulty,  and  will 
float  on  the  surface  of  too  great  a  body  of  water. 

The  carbonate  of  soda  and  two  litres  of  water  are 
added  to  this  paste,  and,  after  stirring,  a  light  green 
precipitate  is  formed.  Two  litres  more  of  water  are 
then  added  with  the  bisulphite  of  soda,  and  the 
magma  becomes  of  a  dirty  yellow  color. 

Lastly,  the  remainder  of  the  ten  litres  of  water, 
and  the  cyanide  of  potassium  are  introduced.  The 
electro- copper  bath  is  then  ready,  and  must  be  color- 
less. If,  after  the  complete  solution  of  the  cyanide, 
the  liquor  is  not  entirely  colorless,  we  must  add 
more  cyanide.  But  this  does  not  happen  unless  the 
cyanide  is  not  pure,  or  has  begun  to  decompose. 

If  we  desire  a  perfectly  limpid  bath,  we  may  pass 
it  through  filtering  paper,  or  decant  it  after  settling. 

This  bath,  for  its  decomposition,  requires  an  elec- 
tric current  of  middle  intensity. 

The  copper  anode  should  have  a  surface  nearly 
equal  to  that  of  the  immersed  objects. 

Large  pieces  are  generally  kept  hanging  and  mo- 
tionless in  the  bath ;  on  the  other  hand,  small  articles 
are  moved  as  much  as  possible,  which  is  always  to 
be  preferred  when  practicable,  especially  with  warm 
baths. 

If  it  were  always  and  everywhere  possible  to  ob- 
tain a  pure  cyanide  of  potassium,  we  could  confine 
ourselves  to  this  formula,  which  is  satisfactory  in 
every  case.  But  as  it  is  very  difficult  to  find  every- 
TFhere  a  perfectly  satisfactory  cyanide  of  potassium, 
-we  shall  reproduce  here  the  various  formulaB  of  our 
first  edition,  which  require  a  cyanide  containing  from 
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70  to  75  per  cent,  of  the  real  article.     These  formulaB 
are  applied  to  various  uses. 

Second  Formula. 

COLD  BATH  FOR  IRON  AND  STEEL. 

Bisulphite  of  soda  . 
Cj'anide  of  potassium 
Carbonate  of  soda  . 
Acetate  of  copper    . 
Ammonia  (aqua  ammonia) 
Water      .... 


500  grammes. 
600  " 
1000  " 
475  " 
850  " 
25  litres. 


41 
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WARM  BATH. 

Bisulphite  of  soda 200  grammes. 

Cyanide  of  potassium     .        .        .        .700 

Carbonate  of  soda 500 

Acetate  of  copper 500        ^^ 

Ammonia  (aqua  ammonia)      .        •        .  300        '^ 

Water 25  litres. 

Third  Formula, 

HOT  OB  COLD  BATH  FOR  TIN,  CAST  IRON,  OR  LARGE  PIEOES  OF  ZINC. 

Bisulphite  of  soda 300  grammes. 

Cyanide  of  potassium     ....  500        ^ 

Acetate  of  copper 350 

Aqua  ammonia 200 

Water 25  litres. 


(t 


t( 


Lastly,  for  those  small  articles  of  zinc  which  are 
coppered  in  a  perforated  ladle,  and  in  nearly  boiling 
baths : — 


Cyanide  of  potassium 
Bisulphite  of  soda  . 
Acetate  of  copper    . 
Aqua  ammonia 
Water 


700  grammes. 
100        " 
450        " 
150        " 
20  to  25  litres. 


In  order  to  prepare  these  diffei'ent  baths,  we  dis- 
solve in  20  litres  of  good  water  (preferably  rain  or 
distilled  water)  all  of  the  salts,  except  the  acetate 
of  copper  and  the  ammonia,  which  ai*e  dissolved  in 
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the  remaining  five  litres.    These  two  solutions  are 
mixed,  and  that  of  c(^per  and  ammonia,  which  was 


of  a  magnificent  blue,  must  become  entirely  color- 
less.* The  bath  is  ready  to  work  when  subjected  to 
the  action  of  the  electric  current. 

*  It  in  well  anderatood  thst,  nhnn  the  liquors  are  not  colorleai, 
there  is  ^  deficiency  of  cyanide  of  potaMium,  whicb  must  be 
Glided  nntil  entire  decolorization  takes  place. 


92  GALVANOPLASTIO  MANIPULATIONS. 

The  baths  intended  for  working  in  the  cold  are  put 
into  well-joined  tanks  of  oak  or  fir  wood  (Fig.  48), 
lined  inside  with  gutta-percha.  The  vertical  sides 
are  also  covered  with  one  or  several  sheets  of  copper, 
which  act  as  the  soluble  anode,  and  the  height  of 
which  is  somewhat  below  the  top  edge  of  the  tank. 
This  anode  is  connected  by  the  clean  extremities  of 
a  conducting  wire  to  the  last  copper  or  carbon 
(according  to  the  kind  of  battery  employed),  that  is 
to  say,  to  the  positive  pole. 

A  stout  brass  wire  is  fixed  upon  the  top  of  the 
tank,  without  any  point  of  contact  with  the  soluble 
anode,  and  is  connected  by  a  second  wire  with  the 
last  zinc  or  negative  pole  of  the  same  battery. 

The  objects  to  be  coppered  are  suspended  in  the 
bath  by  means  of  copper  wires,  supported  themselves 
upon  a  stout  and  clean  brass  rod,  the  two  extremities 
of  which  rest  upon  the  brass  conducting  wire  fixed 
upon  the  tank.  Several  such  rods  are  placed  parallel 
to  each  other,  and  the  greatest  care  must  be  had  to 
prevent  any  contact  with  the  anode,  because  the 
working  of  the  bath  would  then  be  immediately 
stopped.  It  is  needless  to  say  that  the  objects  must 
have  been  cleansed  in  the  manner  already  described. 

When  the  thickness  of  the  deposited  copper  is 
very  small,  the  coat  is  sufiiciently  bright  to  be  con- 
sidered finished  after  drying.  But  if  the  operation 
is  more  protracted,  the  deposit  appears  with  a  more 
or  less  dead  lustre  on  account  of  its  thickness,  and, 
if  a  bright  lustre  is  desired,  we  must  use  the  scratch- 
brush. 

The  hot  baths  are  put  into  stoneware  vessels  (Fig. 
49)  heated  in  a  water  or  steam  bath,  or  simply  in  an 
enameled  cast-iron  kettle  placed  directly  over  a  fire. 


COPPER  DEPOSITS. 


The  insidea  are  also  lined  with  an  anode  of  copper 
connected  with  the  positive  pole  of  the  battery,  and 

Fig.  49. 


the  edges  of  the  vessels  are  varnished,  or  support  a 
wooden  ring  upon  which  rests  a  brass  circle  commu- 
nicating with  the  negative  pole.  The  objects  to  be 
electroplated  hang  from  this  circle. 

The  hot  process  is  much  more  rapid  than  the  cold, 
and  is  especially  adapted  to  those  articles  which  are 
difBcuH  to  cleanse,  because  any  remaining  greasy 
substance  is  dissolved  by  the  alkaline  bath. 

The  squares  of  watch  keys,  the  metal  parts  of 
portemonnaies,  and  other  small  articles,  are  coppered 
by  this  method  if  we  desire  a  good  adherence. 

Packages  of  threaded  articles,  metallic  pens  for 
instance,  are  not  suspended  in  the  bath;  they  are 
simply  connected  with  the  negative  wire  In  the  hand 
of  the  operator,  and  stirred  about  in  every  direction 
in  the  bath.  This  agitation  permits,  of  the  employ- 
ment of  quite  an  Intense  current,  without  danger  to 
the  beauty  of  the  deposit. 
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Small  articles  of  zinc,  such  a  hooks,  nails,  etc.,  are 
disposed  in  a  stoneware  perforated  ladle  (Fig.  60), 
at  the  bottom  of  which  is  attached  a  zinc  or  copper 
wire,  which  is  wound  np  around  the  handle,  and  is 

Fig.  50. 


connected  with  the  negative  pole  of  the  hattery.  It  is 
sufficient  that  one  of  the  small  articles  touches  the 
wire  for  all  of  the  others  to  be  affected  by  the  current, 
since  they  arc  in  contact  with  each  other.  If  the 
bottom  of  the  vessel  is  metallic,  and  in  order  to  pre- 
vent all  contact  with  those  objects  which  may  pass 
through  the  holes,  the  ladle  is  made  to  rest  upon  a 
porcelain  or  stoneware  ring.  A  jelly  pot  without  a 
bottom  will  do  very  well. 

I  have  found  by  experience  that  this  disposition  is 
preferable  to  metallic  sieves,  especially  those  of 
copper  or  brass,  which  absorb  nearly  all  the  copper 
deposited. 

During  the  operation,  the  articles  are  often  stirred 
or  jerked  in  the  ladle,  as  wc  do  with  vegetables  in 
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a  frying  pan.     This  agitation  changes  the  position 
and  the  points  of  contact  of  the  objects. 

It  is  to  be  strongly  recommended  for  small  articles, 
to  place  the  anode  on  top  of  the  ladle,  but  with- 
ont  any  connection  with  the  objects 
to  be  coppered.    Fig.  51  represents  Fig.  51. 

a  good  disposition  in  this  case  of 
the  soluble  anode. 

During  the  operation,  the  bath 
corrodes  and  slowly  dissolves  the 
copper  anode;  but  here  theory  does 
not  agree  with  practice,  and  this 
solution  is  not  sufficient  to  com- 
pensate for  the  loss  of  metal,  and 
to  maintain  the  proper  saturation 
of  the  liquor.  When  the  deposit 
is  being  made  too  slowly,  we  must  bring  up  the  bath 
by  the  addition  of  a  certain  quantity  of  acetate  of 
copper  and  cyanide  of  potassium  (equal  weights). 

Some  operators  substitute  the  sulphate  or  the  cy- 
anide of  copper  for  the  acetate  of  this  metal.  The 
first  should  be  rejected  on  account  of  its  too  great 
acidity,  which  uselessly  destroys  part  of  the  salts  of 
the  bath.  The  second  is  too  expensive,  and  does  not 
give  more  satisfactory  results  than  the  acetate,  which 
I  prefer  on  account  of  its  comparative  cheapness 
and  its  perfect  neutrality.  Moreover,  the  acetates  of 
potassa,  or  soda,  or  ammonia,  formed  by  double  de- 
composition, are  without  any  bad  effects  during  the 
operation. 

Carbonate  of  copper,  recently  precipitated  and 
dissolved  in  cyanide  of  potassium,  may  also  be  em- 
plojed.  This  mixture  is  added  to  worn-out  baths; 
but  it  is  preferable  not  to  wait  until  they  are  woru 
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out,  and  to  make  up  for  the  losses  by  adding,  now 
and  then,  the  double  cyanide  of  potassium  and  cop- 
per already  indicated. 

When  a  bath  is  overloaded  with  salts,  it  becomes 
too  dense,  and  the  electricity  passes  through  it  with 
difficulty.  The  pieces  plunged  into  it  receive  no 
deposit,  or  an  imperfect  one,  although  the  relative 
quantities  of  copper  salt  and  of  dissolving  agents  are 
in  suitable  proportions.  The  working  quality  will 
be  restored  by  the  addition  of  water. 

When  the  anode  has  too  large  a  surface,  or  remains 
immersed  in  non-working  baths,  the  liquor  becomes 
overloaded  with  copper,  turns  blue  or  green,  and 
requires  the  addition  of  cyanide  of  potassium. 

It  also  happens  that  the  anode  becomes  covered 
with  a  brown  or  white  coat  preventing  its  solution; 
the  bath  then  becomes  gradually  poorer  in  metal,  and 
ceases  to  give  a  deposit.  In  this  case,  we  must  add 
some  of  the  solution  of  acetate  of  copper  in  ammo- 
nia, until  the  blue  coloration  is  slow  in  disappearing. 
If  we  have  put  in  too  much  of  it,  we  correct  the  ex- 
cess with  cyanide  of  potassium.  To  sum  up,  an  at- 
tentive and  intelligent  operator  will  always  be  able, 
with  cyanide  of  potassium  and  salt  of  copper,  to 
maintain  the  substances  of  his  bath,  in  a  proper  state 
of  equilibrium. 

We  cannot  conclude  this  article  on  copper  deposits, 
without  saj^ing  that  some  operators  copper  silver 
articles  before  gilding  them.  The  adherence  is 
greater,  and  the  edges  and  corners  do  not  become  so 
rapidly  white  by  friction. 

Large  pieces  of  silverware  may  be  coppered  in  any 
of  the  baths  we  have  mentioned.  Very  small  articles, 
on  the  other  hand,  are  simply  threaded  upon  a  zinc 
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or  iron  wire,  or  placed  in  a  perforated  ladle  with 
granules  or  cuttings  of  either  of  these  metals.  By 
plunging  the  whole  for  9  few  minutes  in  a  very 
diluted  but  very  acid  solution  of  sulphate  of  copper, 
the  zinc  or  the  iron  becomes  dissolved,  and  the  cop- 
per is  deposited  with  adherence  upon  the  silver, 
which  acquires  a  magnificent  pink  color. 

When  the  article  thus  coppered  is  intended  to  be 
gilded  or  silvered,  it  is  immediately  passed  through 
the  solution  of  nitrate  of  binoxide  of  mercury, 
rinsed  in  cold  water,  and  plunged  into  the  electro- 
baths,  without  drying  or  scratch-brushing. 


CHAPTER  X. 


BRASS  DEPOSITS. 


Brass  DeposUs. 

m 

Brass  deposits  are  much  more  frequently  used  in 
the  arts  than  those  of  pure  copper.  Brass  is  preferred 
for  those  small  articles  of  iron  or  zinc  which  are  made 
in  imitation  of  similar  ones  of  brass,  which  are  more 
expensive.  Wood  screws,  hooks,  and  rings  for  fiir- 
niture  and  curtains,  hooks  and  eyes  for  dresses,  wires 
of  all  sizes  for  chaplets,  etc.  etc.,  are  made  of  iron  or 
zinc  plated  with  brass,  so  as  to  resemble  those  en- 
tirely of  brass. 

Moreover,  all  of  the  manufacturers  of  bronze  campo- 
stUorij  lamps,  clocks,  chandeliers,  statues,  and  other 
articles  made  of  zinc  or  cheap  alloys,  always  begin 
by  a  brass  deposit,  before  the  bronze  lustre  is  im- 
parted. 
7 
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Besides  the  fact  that  the  bronzing  operation  is 
more  easy  and  satisfactory  upon  brass  deposits, 
there  is  also  the  advantage  that,  if,  purposely  or  by 
constant  use,  the  surface  of  the  object  becomes 
abraded,  there  appears  the  handsome  yellow  color  of 
the  underground,  and  the  whole  piece  looks  as  if 
made  of  the  more  costly  alloys  of  copper  and  zinc, 
or  copper  and  tin. 

The  preliminary  and  finishing  operations  are  the 
same  for  brass  as  for  copper  deposits.  The  disposi- 
tion of  the  baths  and  apparatus  is  also  simUar,  but 
the  formulffi  are  different. 

Heat  is  seldom  employed  for  brass  deposits,  al- 
though it  is  preferred  by  those  who  electroplate,  with 

Pig.  62. 


this  alloy,  coils  of  iron  or  zinc  wire.    The  proper 
temperature  varies  from  55"  to  60°  C,  and  the  coils 
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dip  into  the  bath  one-half  or  two-thirds  of  their 
diameter  only. 

The  bath  is  put  into  a  sheet  iron  boiler  (Fig.  52) 
heated  bj  fire,  steam,  or  hot  water.  The  inside  is 
lined  with  brass  sheets  connected  with  the  positive 
pole  of  a  battery.  A  stout  copper  or  brass  rod,  in 
the  direction  of  the  length  of  the  boiler,  rests  upon 
the  edges,  and  the  contact  of  the  two  metals  is  pre- 
vented by  pieces  of  India-rubber  tnbing.  The  rod 
is  connected  with  Hxe  negative  pole  by  a  binding 
screw. 

The  binding  wire  is  removed  from  the  coils,  and 
the  wires  loosened  (Fig.  53).  The  two  extremities 
are  bent  together,  and,  with  a  stronger  wire,  a  trian- 
gular handle  is  formed  which  contains  the  whole  of 
a  coil,  and  leaves  a  certain  play  necessary  for  the 
operation. 

Fig.  53.  Fig.  54. 


The  iron  wire,  thus  disposed,  is  dipped  into  a  piokle 
of  dilated  sulphuric  acid,  and  suspended  to  a  strong 
and  round  peg  held  in  the  wall  (Fig.  54),,  bo  that 
the  coil  may  be  made  to  rotate  easily.    After  a 
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scrubbing  with  wet,  sharp  sand  and  a  hard  brush,  the 
coil  receives  a  primary  deposit  of  pure  copper  in  an 
apparatus  similar  to  that  just  described.  It  is  then 
carried  to  the  bath  of  brass,  and  suspended  to  the 
horizontal  rod.  In  this  position,  only  a  part  of  the 
coil  at  a  time  dips  into  the  solution  and  receives 
the  deposit,  which,  to  be  continuous,  requires  that 
the  coil  be  turned,  now  and  then,  one^half  or  one- 
fourth  of  its  circumference.  Experience  has  demon- 
strated that,  by  dipping  the  coil  entirely  into  the 
liquid,  which  is  easily  done  by  giving  the  proper 
bends  to  the  supporting  rod,  the  operation  is  not  so 
successful.  With  this  latter  disposition,  it  is  not  so 
easy  to  spread  the  wires  upon  the  rod. 

The  wires  are  washed,  dried  in  sawdust,  and  then 
in  a  stove,  and  lastly  passed  through  a  draw-plate  in 
order  to  impart  to  them  the  fine  polish  of  true  brass 
wire. 

Copper  and  brass  wires  are  also  covered  with  brass 
electro-deposits,  in  order  to  give  them  various  shades. 
The  brass  wires  of  Lyons  and  Germany,  used  for  trim- 
mings  and  epaulets,  are  thus  prepared,  whether  before 
gilding  or  silvering,  or  simply  to  arrive  at  special 
shades  more  pleasing  than  those  of  pure  copper  or 
pure  brass.  These  wires,  passed  through  the  draw- 
plate,  are  sold  under  the  name  of  false  gold.  It  is 
evident  that  the  composition  of  the  brass  bath  must 
be  such  as  to  give  a  deposit  resembling  gold. 

J^ormuloB  of  Brass  Baths. 

Most  of  the  operators  in  brass  electroplating  pre- 
fer the  ordinary  cyanide  of  potassium  to  the  pure 
article,  on  account  of  its  lower  price ;  but  as  nothing 
is  more  variable  than  the  real  value  and  dissolving 
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property  of  ordinary  cyanide,  we  cannot  give  exact 
weights  for  formulsd  into  which  it  enters.  We  are 
then  obliged  to  give  a  general  method  by  which  a 
bath  of  brass  may  be  prepared  with  any  kind  of  cya- 
nide.  "We  operate  thus : — 

Dissolve  together,  in  10  litres  of  water,  250  grammes 
of  sulphate  of  copper,  and  250  to  300  grammes  of 
sulphate  of  zinc ; 

Or,  125  grammes  of  acetate  of  copper,  with  125  to 
150  grammes  of  fused  protochloride  of  zinc ; 

And  add  a  solution  of  1000  grammes  of  carbonate 
of  soda,  which  immediately  produces  an  abundant 
precipitate  of  the  carbonates  of  copper  and  zinc, 
which  is  allowed  to  settle.  Then  decant  the  super- 
natant liquor,  and  replace  it  by  fresh  water  two  or 
three  times,  after  as  many  settlings. 

Lastly,  pour  upon  the  precipitate  10  litres  of 
water  containing  in  solution  one  kilogramme  of  car- 
bonate of  soda  and  500  grammes  of  bisulphite  of 
soda;  and  then,  while  stirring  with  a  glass  or  wooden 
rod,  add  I  ordinary  cyanide  of  potassium  until  the 
liquor  is  perfectly  clear,  or  at  least  until  nothing  but 
the  grayish-black  iron,  often  found  in  the  cyanide,  or 
the  brown-red  oxide  of  iron  in  the  sxdphate  of  zinc, 
remains  in  suspension.  An  additional  quantity  of 
from  25  to  30  grammes  of  ordinary  cyanide  improves 
the  conducting  power  of  the  liquor. 

For  those  persons  who  employ  the  pure  cyanide  of 
potassium,  or  the  ordinary  cyanides  with  a  constant 
and  known  dbmposition,  I  here  insert  i^veral  foimu- 
1»  which  have  proved  satisfactory  in  regular  every- 
day work. 
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First  Formula. 

COLD  BKA8B  BATH  TOR  ALL  MSTALfl. 

Carbonate  of  copper  (recently  prepared)    100  grammes. 
Carbonate  of  zinc  (recently  prepared)      .  100        ^^ 
Carbonate  of  soda  (crystals)       ....  200        ^ 

Bisulphite  of  soda 200        ^^ 

Cyanide  of  potassium,  pure 200        *^ 

Arsenious  acid  (white  arsenic)    •    •    •    .      2        ^ 
Wat^r 10  litres. 

This  bath  is  prepared  as  follows : — 

Dissolve,  in  two  litres  of  water,  150  grammes  of 
sulphate  of  copper,  and  150  grammes  of  crystallized 
sulphate  of  zinc,  and  add  a  solution  of  400  grammes 
of  carbonate  of  soda  in  one  litre  of  water.  A  greenish 
precipitate  of  mixed  carbonates  of  copper  and  zinc 
is  immediately  formed,  which  is  well  stirred  and 
allowed  to  deposit  for  several  hours.  The  superna- 
tant liquid,  holding  the  useless  sulphate  of  soda,  is 
thrown  away,  and  replaced  by  9  litres  of  water  in 
which  are  dissolved  the  bisulphite  and  carbonate  of 
soda  of  the  formula.  Lastly,  dissolve  together  in  the 
tenth  litre  of  warm  water  the  cyanide  of  potassium, 
and  the  arsenious  acid,  and  pour  this  liquor  into  the 
former  one,  which  is  rapidly  decolorized,  and  forms 
the  brass-bath.    Filter,  if  necessary. 

Arsenious  acid  causes  the  deposit  to  be  bright,  but 
too  great  a  proportion  of  it  may  give  a  white  or  steel- 
gray  color  to  the  metal :  and  it  often  happens  that 
with  new  baths  the  first  articles  plunged  into  it 
receive  a  dejibsit  having  these  shades.  The  inconve- 
nience is  slight,  since  the  yellow  color  soon  predomi- 
nates. Brass  electroplaters  say  that  arsenious  acid 
cleans  the  baths,  because  it  prevents  deposits  of  a 
dull  color,  or  because,  being  transformed  into  arsenic 
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acid,  it  prevents  deposits  from  containing  oxides  of 
copper  or  zinc.  The  arsenious  acid  may  be  replaced 
by  the  soluble  arsenites  of  potassa,  soda,  or  ammonia, 
bat  then  the  proportion  must  be  doubled. 

The  baths  for  electroplating  in  the  cold  are  gene- 
rally kept  in  wooden  tanks  lined  inside  with  gutta- 
percha, which  resists  their  action  for  a  long  time. 
The  articles  to  be  plated  are  suspended  by  copper  or 
brass  hooks  to  stout  rods  of  the  same  metal,  alt  con- 
nected with   the  last  zinc  of  the  battery  (Fig.  55). 

Fig.  66. 


The  sides  of  the  tank  are  also  lined  with  one  or  several 
brass  sheets  (united  together)  connected  with  the 
last  carbon  or  copper  of  the  same  battery,  the  in- 
tensity of  which  is  regulated  by  the  surface  of  the 
articles  to  be  electroplated. 

Theoretically  speaking,  such  a  bath  should  be 
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maintained  at  the  proper  metallic  strength  by  the 
metal  dissolved  from  the  brass  anodes,  under  the 
action  of  the  electric  current.  But  experience  shows 
that  it  is  not  so,  and  that  the  losses  are  to  be  repaired 
by  additions  of  copper  and  zinc  salts,  and  arsenious 
acid,  dissolved  in  cyanide  of  potassium.  It  is  quite 
impossible  to  state  the  necessary  proportions  for 
mahitaining  the  bath  in  proper  working  order ;  and 
the  intelligent  operator  will  determine  the  needed  sub- 
stances from  the  rapidity  of  the  deposit,  its  color, 
etc. 

If  the  deposit  be  too  slow,  he  will  try  whether  the 
bath  will  absorb  the  salts  of  copper  and  zinc,  without 
the  addition  of  cyanide. 

If  the  coat  of  brass  has  an  earthy  and  ochreous 
appearance,  and  especially  if  the  liquor  be  blue  or 
green,  he  will  add  cyanide  of  potassium  until  perfect 
decolorization  takes  place. 

If  the  deposit  be  dull  and  unequal,  a  small  quan- 
tity of  arsenious  acid,  dissolved  in  cyanide,  is  needed. 

If  the  deposit  be  too  red,  the  operator  will  add  the 
salt  of  zmc,  alone,  or  dissolved  in  cyanide. 

If  the  deposit  be  too  white,  or  of  a  greenish-white 
color,  he  will  add  the  salt  of  copper  alone,  or  dis- 
solved in  cyanide. 

Lastly,  when,  after  long  use,  the  bath  has  become 
overloaded  with  salts,  the  specific  gravity  is  too  great 
for  the  easy  passage  of  the  electric  current,  and  the 
liquor  must  be  diluted  with  water  until  it  works  satis- 
factorily. The  specific  gravity  of  a  brass  bath  may 
vary,  without  inconvenience,  from  5^  to  12^  of  Baum^'s 
hydrometer. 

It  is  well  understood  that  the  pieces,  before  brass 
electroplating,  must  be  perfectly  cleansed  in  the 
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manner  indicated  for  zinc,  iron,  etc. ;  and  if,  notwith- 
standing the  proper  care,  the  brass  deposit  be  irregu- 
lar, the  objects  will  be  removed  from  the  bath,  rinsed, 
scratch-brushed,  and  put  again  into  the  bath  until 
the  color  and  the  thickness  of  the  deposit  are  satis- 
factory. They  are  then  scratch-brushed  anew,  and, 
if  necessary,  rinsed  in  hot  water,  dried  in  warm  saw- 
dust of  white  wood,  and  put  in  the  stoye-room.  The 
last  three  operations  are  indispensable  for  hollow- 
pieces. 

We  now  give  several  formul»  based  upon  the  em- 
ployment of  ordinary  cyanide  of  potassium,  which  was 
alone  to  be  found  at  the  time  of  the  first  edition  of 
this  work.  As  many  brass  electroplaters  have  become 
accustomed  to  them,  it  is  likely  that  they  will  be 
satisfied  to  find  them  here. 

Second  Formula. 

BRASS  BATH  FOB  8TSSL,  WBOUaHT  AND  OAST  IRON,  AND  TIN. 

Dissolve  together,  in  8  litres  of  pure  or  rain 
water : — 

Bisalphite  of  soda 200  grammes. 

Cyanide  of  potassium  No.  2     •        .        .  500        ^^ 

Carbonate  of  soda 1000        ^^ 

And  to  this  solution  add  the  following,  made  in 
2  litres  of  water : — 

Aoetate  of  copper        •        .  .        125  grammes. 

Protochloride  of  zinc  (neatral)   .        .        100         ^^ 

The  two  liquors  become  colorless  by  their  admix- 
ture. (Ammonia  should  be  rigorously  proscribed 
from  brass  electroplating  baths  for  iron,  at  least  for 
solutions  worked  in  the  cold.) 
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Third  Formula, 

BRAB8  BATH  FOB  ZINC. 

Pare  or  rain  water    .        •        •        .  20  kilog.  or  litres. 

Bisulphite  of  soda    ....  700  grammes. 

Cyanide  of  potassium  No.  2     .        .        1000         ^^ 

To  which  add  the  following  solution : — 

Water 5  kilog.  or  litres. 

Acetate  of  copper       ....  850  grammes. 

Protochloride  of  zinc          .        .        .  350         ^^ 

Ammonia 400         ^^ 

The  filtered  bath  is  colorless,  and  gives,  under  the 
action  of  the  battery,  a  brass  deposit  of  a  very  fine 
shade,  which  may  be  made  to  vary  from  red  to  green, 
by  increasing  the  proportion  of  copper,  or  that  of 
zinc.    The  anode  is  of  brass,  of  course. 

The  difficulty  in  brass  electroplating,  especially 
with  small  baths,  lies  in  keeping  the  uniformity  of 
the  color  of  the  deposit.  We  understand  that  the 
galvanic  current,  having  simultaneously  to  decom- 
pose two  salts  offering  each  a  different  resistance, 
must,  according  to  its  intensity,  vary  ad  infinitum 
the  composition  and  the  color  of  the  deposited  alloy. 
It  will  be  found  by  practice  that  a  feeble  current  de- 
composes principally  the  copper  salt,  and  results  in 
a  red  deposit ;  on  the  other  hand,  too  great  intensity 
in  the  current,  decomposes  the  solution  of  zinc  too 
rapidly,  and  the  deposit  is  a  white  or  bluish-white 
alloy. 

We  observe  these  phenomena  especially  with  newly 
prepared  baths,  and  it  is  not  uncommon  to  see  that 
the  side  of  an  object  opposite  the  soluble  anode  is 
covered  with  a  fine  brass  deposit,  while  the  other 
has  a  reddish  color.     It  is  an  indication  that  there  is 
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irregularity  in  the  conducting  power  of  the  bath, 
which,  however,  becomes  more  regular  after  being 
used  for  some  time. 

The  first  inconyenience  of  a  red  deposit,  due  to  a 
want  of  intensity  in  the  current,  may  be  remedied  by 
increasing  the  number  of  the  elements  of  the  battery, 
or  employing  stronger  acids,  or  decreasing  the  number 
and  the  surfaces  of  the  objects  to  be  plated.  On  the 
conti-ary,  the  other  inconyenience  of  white  deposits 
will  disappear  by  diminishing  the  number  of  elements, 
or  by  increasing  the  surfaces  to  be  coyered. 

Tlie  deposit  may  also  be  modified  by  substituting 
for  the  brass  anode,  either  a  sheet  of  pure  copper,  or 
one  of  zinc,  or  by  simply  hooking  one  of  these  sheets 
to  the  brass  anode. 

A  bath  of  pure  copper  will  be  transformed  into 
one  of  brass  by  the  use  of  a  zinc  anode ;  and  con- 
yersely,  an  electro-bath  of  brass  wilt  become  one  of 
copper  by  the  aid  of  a  copper  anode. 

The  disposition  of  the  baths  for  brass  plating  yaries 
with  the  nature  and  the  size  of  the  objects  to  be 
plated ;  but  it  is  always  necessary  to  haye  all  the 
articles  suspended  at  about  equal  distances  from  the 
anodes.  With  small  articles,  the  bath  may  be  sub- 
divided by  several  anodes  forming  partitions,  as  in 
Fig.  55,  page  103,  so  that  each  loaded  rod  is  between 
two  anodes,  or  smaller  separate  baths  employed. 
The  anodes  are  removed  when  the  bath  does  not 
work.  Small  articles  which  cannot  be  threaded  upon 
a  wire,  like  nails,  wood  screws,  etc.,  are  plated  in  a 
perforated  stoneware  ladle,  as  we  have  explained  in 
Chapter  IX. 

In  order  that  the  brass  electroplating  of  zinc  and 
copper  should  be  sufficiently  lasting,  the  deposit  must 
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not  be  too  thin,  and  must  be  scratch-brushed,  rinsed 
in  water  rendered  slightly  alkaline  by  quicklime,  and 
thoroughly  dried  in  a  stove.  Its  lustre  and  color 
are  thus  enhanced.  But,  generally,  and  especially 
when  the  bronze  lustre  is  to  be  imparted  afterwards, 
the  articles  are  simply  brass  electroplated  by  remain- 
ing in  the  bath  for  10  to  25  minutes. 

We  are  not  acquainted  with  satisfactory  processes 
for  brass  plating  by  simple  dipping.  IITeyerthelesB, 
a  color  resembling  that  of  brass  is  given  to  small 
articles  of  iron  or  steel,  by  a  long  stirring  in  a  sus- 
pended tub  which  contains  the  following  solution : — 

Water. 1  litre. 

Sulphate  of  copper  .        .        .        4  to  5  grammes. 

Protochlorlde  of  tin  (crystallized)  •        4  to  5       ^' 

The  shades  are  modified  by  varying  the  propor- 
tions of  the  two  salts.  It  is  by  an  analogous  process 
that,  at  I'Aigle,  are  brass  plated  the  iron  pins  called 
Califomiennes  and  the  large  pins  or  JumaeatiXj  used  in 
Brittany  for  cleaning  butter. 

NoTB. — Oast  and  wrought  iron,  lead  and  its  alloys,  require  brass 
solutions  richer  in  the  metals  than  is  the  case  when  depositing  brass 
upon  zinc  or  its  alloys.    The  battery  power  should  also  be  greater. 

Certain  brassing  baths  are  improved  by  a  small  proportion  of 
chloride  of  tin  dissolved  in  caustic  potassa. 

According  to  A.  Watt,  pewter  is  more  easily  coated  with  brass 
than  lead,  but  the  same  bath  may  be  used  for  either.  Lead  and 
pewter  should  be  cleansed  in  a  solution  of  about  four  ounces  of 
nitric  acid  to  the  gallon  of  water,  in  which  they  remain  for  half  an 
hour.  They  are  then  rinsed,  scoured  with  sand,  and  rinsed  again. 
A  good  battery  power  and  a  large  surface  of  anode  are  necessary, 
especially  at  the  beginning  of  the  deposit. 

The  proper  temperature  of  the  bath  for  brassing  lead,  pewter, 
and  tin  is  about  90^  F. 

Stirring  articles  in  a  brass  bath  has  a  tendency  to  cause  the  de- 
position of  copper  alone. — Trans. 
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CHAPTEB  Xf . 

TDSnUISQ TTNNrNG-BATH,  BY  EXCHANGE,  FOB  IRON 

— BLBCTBO-TINNING — TINNING    BY    THE    METHOD 
OP  DOUBLE  AFFINITY — TINNED  OAST  IKON, 

linning. 

We  have  already  said  that,  as  with  copper  de- 
posits, tinning  is  often  the  complement  of  the  cleans- 
mg  process  for  certain  metals,  like  wrought  and 
cast  iron,  upon  which  precious  metals  are  to  be  de- 
posited. We  might,  therefore,  confine  ourselves  to 
the  tinning  of  cast  iron;  but,  as  the  tinning  of  a 
multitude  of  different  articles  is,  at  the  present  time, 
an  important  industry,  we  believe  that  a  description 
of  all  the  operations  and  processes  will  be  found 
instructive  and  useful. 

Tinning  by  the  wet  way  is  effected  by  three  dis- 
tinct methods : — * 

1.  By  exchange,  that  is  to  say,  by  the  solution 
in  a  tin  liquor  of  a  small  quantity  of  the  metal 
immersed  in  it,  and  which  takes  the  place  of  an 
equivalent  proportion  of  tin  deposited  in  the  form  of 
an  adherent  layer  upon  the  other  metal.  This  pro- 
cess does  not  give  sufficiently  lasting  products,  and 
is  but  a  kind  of  whitening  of  the  object,  like  that 
obtained  with  silver  by  simple  dipping. 

*  I  have  taken  oat,  either  in  my  own  name  or  in  connection 
with  Mr.  E.  Boucher,  several  patents  on  the  tinning  processes 
described  farther  on ;  bat  these  patents  have  now  expired. 
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2.  By  the  galvanic  way,  that  is  to  say,  by  the 
decomposition  of  certain  tin  solutions  by  means  of 
separated  batteries.  This  mode  of  operation  is  simi- 
lar to  that  already  described  for  copper  and  brass 
deposits. 

3.  By  the  method  op  substitution  ob  of 
DOUBL&  AFFiKiTYy  which  meana  ihat^  by  imniftrfliiig 
at  the  same  time  in  a  tin  solution  two  different 
metals  kept  in  contact  with  each  other,  zinc  and  iron 
for  instance,  the  zinc,  instead  of  becoming  tinned  as 
by  the  first  method,  will  dissolve  and  take  the  place 
of  the  tin,  which,  in  its  turn,  will  become  deposited 
in  uniform  and  adherent  coats  upon  the  iron. 

Tinning  Bothy  by  JSicchange,for  Iron. 

This  first  process  is  of  little  importance  as  a  pro- 
tection for  iron  against  oxidization,  since  the  layer 
of  tin  is  a  mere  film.  However,  it  may  be  useful  as 
a  complement  of  the  cleansing  process,  when  thicker 
coats  of  tin  are  to  be  applied  by  the  other  two  pro- 
cesses. 

For  the  preparation  of  this  bath,  dissolve  with  the 
aid  of  heat,  in  an  enamelled  cast-iron  kettle  holding 
20  litres  of  water: — 

Ammoniacal  alam 300  grammes. 

Protochloride  of  tin  (fused)    .        .        .      10        ^^ 

And,  as  soon  as  the  solution  boils,  the  objects  of 
iron,  previously  cleansed  and  rinsed  in  cold  water, 
are  steeped  in  it.  They  are  immediately  covered 
with  a  film  of  tin  of  a  fine  white  dead  lustre,  which 
may  be  rendered  bright  by  mutual  friction  in  a  bag 
or  in  a  suspended  tub. 


* 
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The  bath  is  maintamed  at  the  proper  strength  by 
small  additions  of  fused  protochloride  of  tin. 

This  bath  is  also  very  conyenient  for  a  preliminary 
tinning  of  zinc;  but,  as  for  iron,  the  pellicle  is  too 
thin  to  be  resisting.  The  objects  thus  tinned  or 
whitened  present  qnite  a  crystalline  appearance,  and 
are  brightened  by  the  scratch-brush. 

For  tinning  zinc  by  simple  dipping,  the  ammonia- 
cal  alum  may  be  replaced  by  any  other  kind  of 
alum,  and  even  by  the  sulphate  of  alumina ;  but  ex- 
perience proves  that,  for  wrought  and  cast  iron  and 
steel,  we  cannot  make  this  substitution. 

If  we  desire,  with  the  above  solution,  to  tin  other 
metals  than  zinc  or  iron,  we  must  have  recourse  to 
the  battery;  but  in  this  case  I  prefer  using  other 
special  solutions,  the  description  of  which  will  fol- 
low. 

• 

Eledro-Tinning. 

Electro-deposits  of  tin  may  be  obtained  with  many 
kinds  of  tin  solutions ;  but  the  results  are  more  or 
less  satisfactory,  and  the  methods  more  or  less  prac- 
tical, as  regards  the  facility  of  the  operation,  its  cost, 
the  strength  and  the  beauty  of  the  tinning. 

The  bath,  which  appears  to  me  to  possess  all  of  the 
conditions  desired  by  the  operator,  is  composed  of — 

Rain  or  diBtilled  water      •        .        .    500  litres. 
Pyrophosphate  of  soda  or  potassa   .        5  kilogrammes. 
Protochloride  of  tin,  crystallized  600  grammes. 

Or,  what  is  better,  500  grammes  of  the  same  salt 
fused,  in  order  to  have  it  free  from  an  excess  of  acid. 

The  water  is  put  into  a  tank  entirely  lined  with 
anodes  of  tin  sheets,  united  together  and  connected 
with  the  positive  pole  (carbon  or  copper)  of  the 
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battery.  The  pyrophosphate  of  soda  or  potassa  is 
next  introduced  and  stiiTed  in,  and,  when  dissolved, 
the  protochloride  of  tin  is  put  into  a  sieve  of  copper 
half  immersed  in  the  solution.  A  milky-white  preci- 
pitate is  immediately  produced,  which  disappears  by 
continued  agitation.  When  the  liquid  has  become 
clear  and  colorless,  or  slightly  yellow,  the  tinning 
bath  is  ready,  and  we  have  but  to  dispose  upon 
transverse  metallic  rods,  connected  with  the  negative 
pole,  the  previously  cleansed  objects  which  we  desire 
to  tin. 

The  anodes  are  not  sufficient  to  keep  the  bath 
saturated,  and  when  the  deposit  takes  place  slowly, 
we  add  small  portions  of  equal  weights  of  tin  salt 
and  pyrophosphate.  The  solution  of  these  sal  ts  should 
always  be  made  with  the  aid  of  the  sieve,  since,  if 
fragments  of  protochloride  of  tin  were  to  fall  on  to 
the  bottom  of  the  bath,  they  would  become  covered 
with  a  slowly  soluble  crust  preventing  their  solution. 

The  tinning  thus  obtained  upon  any  kind  of  metal, 
and  with  equal  facility,  is  quite  resisting,  and  has  a 
white  and  dead  lustre  resembling  that  of  silver.  A 
bright  lustre  will  be  obtained  with  the  scratch-brush 
or  the  burnishing  tool. 

The  reduction  of  these  baths  requires  quite  an  in- 
tense current,  and,  as  the  first  cost  and  the  working 
of  the  batteries  are  expensive,  we  prefer,  for  small  or 
large  pieces,  the  third  method,  which  we  nearly 
always  use  in  our  own  works. 

Tinning  hy  the  MeOwd  of  Double  Affinity. 

A  bath  for  tinning  may  greatly  vary  in  its  compo- 
sition; however,  we  here  give  two  formulsd  with 
which  we  arrive  at  rapid  and  sure  results,  with  a 
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• 

preference  for  the  second,  which  has  no  other  incon- 
venience than  to  require  the  use  of  a  salt  not  always 
fonnd  everywhere  with  a  constant  composition. 

First  Formula. 

Distilled  water 800  litres. 

Cream  tartar  (bitartrate  of  potassa)         3  kilogrammes. 
Protochloride  of  tin  .  .        .    300  grammes. 

The  powdered  cream  of  tartar  is  dissolved  in  200 
litres  of  warm  water,  and  the  tin  salt  in  100  litres  of 
cold  water.  The  two  mixed  solutions  become  clear, 
and  the  resulting  bath  has  an  acid  reaction. 

Second  Formula, 

!  Distilled  water 300  litres. 

I  Pyrophosphate  of  potassa  or  soda   .        6  kilogrammes. 

Protochloride   of    tin,    crystallized 

I  (t.  6.,  acid) 600  grammes. 

Or,  the  same  fused  (t.  e.,  neutral)      •  400        ^ 

The  whole  is  dissolved  at  the  same  time  upon  a 
metallic  sieve,  and,  after  stirring,  the  bath  is  clear. 
•  Either  of  these  solutions  is  kept  in  a  hogshead 
with  the  top  off.  This  hogshead  or  tank  (Fig.  56) 
receives  at  its  lower  part  two  superposed  tubes  con- 
nected with  a  small  boiler  built  below  the  level  of 
the  bottom  of  the  tank.  The  tube  A,  starting  from 
the  bottom  of  the  tank,  reaches  nearly  to  that  of  the 
boiler;  on  the  other  hand,  the  upper  tube  b,  distant 
six  or  eight  centimetres  from  the  bottom  of  the  tank, 
is  connected  with  the  top  of  the  boiler;  lastly,  the 
safety  tube  s  prevents  any  explosion,  should  there  be 
an  obstruction  in  the  other  tubes. 

We  really  understand  that,  with  such  a  disposi- 
tion, and  with  the  boiler  and  tank  filled  with  liquid, 
as  soon  as  heat  is  applied  the  expanded  and  lighter. 
8 
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Fig.  56. 


liquid  will  rise  through  the  pipe  b,  while  the  c61d»r 
and  denser  one  will  go  into  the  boiler  through  the 
pipe  A.  A  continual  circulation  is  thus  obtained, 
which  is  not  only  satisfactory  as  a  means  of  heating, 
but  also  keeps  up  a  constant  agitation  of  the  contents 
of  the  bath,  and  mixes  the  impoverished  lighter  por- 
tions with  the  richer  and  denser  ones.  A  small 
quantity  of  water,  or  even  mercury,  is  iutroduced 
into  the  upper  branch  of  the  tube  s,  to  prevent  the 
escape  of  the  steam. 

Large  pieces,  like  cast-iron  culinary  vessels,  are 
simply  cleansed  and  rinsed,  and  piled  in  the  bath 
with  a  few  fragments  of  zinc.  It  is,  however,  pre- 
ferable to  use  spirals  of  zinc,  since,  with  less  points 
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of  contact,  there  is  less  danger  of  staining  the 

articles.     On  an  average,  the  surface  of  the  zinc 

should  be  the  thirtieth  of  that  of  the  tinned  articles. 

If,  on  the  other  hand,  we  have  to  tin  very  small 

jects,  each  as  pins,  nails,  hooke,  etc.,  we  dispose 

em  in  layers  two  to  three  centimetres  thick  upon 

rforated  plates  of  zinc,  which  allow  of  the  circular 

m  of  the  liquid,  and  have  their  edges  turned  up  so 

to  prevent  the  objects  from  falling  off.    These 

ates  (Fig.  57)  are  disposed  upon  numbered  sup- 

irts  in  order  to  remove  them  from  the  bath  in  the 

verse  order  in  which  they  have  been  put  in. 

Fig.  57. 


Ihese  zinc  plates  must  be  scraped  and  cleaned 
hen  necessary,  for  presenting  fresh  surfaces  of  zinc 
stead  of  a  white  crust  which  prevents  its  contact 
ith  the  articles  to  be  tinned. 

The  length  of  the  operation  varies  from  one  to 
ree  hours.  Then  all  the  objects  are  removed,  and 
iO  grammes  of  pyrophosphate  and  as  much  of  fused 
otochloride  of  tin  are  dissolved. 
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During  the  time  the  solution  is  taking  place,  the 
large  articles  are  scratch-brushed,  and  the  small 
ones  stirred  with  a  three-pronged  iron  fork  in  order 
to  change  the  points  of  contact.  The  objects  are 
then  again  steeped  in  the  bath  for  at  least  two  hours. 
These  two  immersions  and  that  length  of  time  are 
necessary  for  a  good  tinning.  The  large  pieces  are 
lastly  scratch-brushed  again,  and  the  small  ones 
rendered  bright  by  one  of  the  methods  of  mutual 
friction.  The  operation  is  ended  by  drying  the  whole 
in  dry  and  warm  sawdust  of  fir  wood. 

It  is  by  this  last  process  that  we  tin,  inside  and 
outside,  those  culinary  cast-iron  vessels  sold  under 
the  name  of  fonte  argentine  (silver-like  cast  iron). 
These  vessels,  besides  a  bright  and  pleasing  appear- 
ance, have  the  advantage  of  never  communicating 
any  taste,  smell,  or  color  to  the  food  cooked  in  them, 
evcH  when  the  tinning,  by  long  use,  has  completely 
disappeared.  This  is  due  to  the  solution  by  the  bath 
itself  of  the  sulphides,  phosphides,  and  other  impuri- 
ties of  the  raw  cast  iron. 

If  we  observe  that  the  tin  deposit  is  gray  and 
dull,  although  abundant,  we  prepare  the  bath,  once 
or  twice,  with  the  acid  crystallized  protochloride  of 
tin.  "With  a  very  white  deposit,  but  blistered  and 
withdut  adherence  or  thickness,  we  replace  the  acid 
salt  by  the  fused  one.  In  this  latter  case,  we  may 
also  diminish  the  proportion  of  tin  salt,  and  increase 
that  of  pyrophosphate. 

As  a  great  deal  of  the  success  of  the  operation 
depends  upon  the  quality  of  the  pyrophosphate,  I 
shall  indicate,  in  the  brief  treatise  on  chemistry  at 
the  end  of  this  work,  the  process  of  obtaining  it  in 
a  satisfactory  way. 

When  a  tinning  bath  has  been  worked  for  a  long 
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time,  the  liquor  should  be  decanted  to  separate  the 
pyrophosphate  of  zinc  formed.  And  when,  after 
several  years,  the  bath  is  entirely  used  up  from  the 
alteration  of  the  salts,  it  should  be  kept  in  preserving 
tubs  where  we  put,  after  cleansing,  the  objects  to  be 
tinned. 

Zinc  is  well  tinned  in  a  similar  bath,  but  the  pro- 
portions of  the  constituent  part  are  modified  as  fol- 
lows : — 

Distilled  water 300  litres. 

Pyrophosphate  of  soda     ...        5  kilogrammes. 
Protochloride  of  tin  (fased)      .        .        1  ^' 

A  thin  tinning  is  obtained  by  simple  dipping,  and 
one  of  any  thickness  by  the  aid  of  the  battery. 

We  must  not  confound  the  tinning  process;  which 
we  have  just  described,  with  the  whitening  by  tin, 
practised  from  time  immemorial  by  manufacturers 
for  pins,  copper  nails,  piano  pin  nails,  etc.,  ,and 
which  produces  a  "  vapor  of  tin"  only,  so  unweigh- 
able  is  the  quantity  deposited.  This  whitening  by 
tin  is  effected  by  boiling  for  two  or  three  hours,  in 
long  copper  troughs,  crude  cream  of  tartar  with  tin 
plates  supporting  a  layer  of  about  two  centimetres 
of  brass  or  copper  pins.  The  whole  charge  is  com- 
posed of  alternate  layers  of  pins  and  tin  plates,  so 
that  each  layer  of  pins  is  between  two  tin  plates. 

This  whitening  process  will  not  succeed  with  iron 
unless  an  intermediary  coat  of  copper  has  been  de- 
posited.* Nevertheless,  the  iron  will  not  be  pro- 
tected against  oxidization,  and  we  must  have  recourse 
to  the  above-described  methods. 

*  The  processes  of  tinning  iron  previously  coppered  hare  been 
replaced  with  great  advantage  by  those  described  in  this  chapter, 
at  the  works  of  Messrs.  A.  TaUfer  A  Co.,  at  L'Aigle  (Ome), 
where  is  mannflBCtured  the  iron  pin  called  argentine  or  anoxyde. 
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CHAPTER  XIL 

OILDIKO — GILDING  BY  DIPPING — ^PBEPARATION  OF 
THE  GK)LD  BATHS  FOR  DIPPING^— COLORING  PRO- 
CESS. 

Gfilding. 

Gilding,  in  the  arts,  is  obtained  by  two  very  dis- 
tinct methods :  The  wet  and  the  dry  way. 

The  $rst  method  appears  to  be  the  only  one  needed 
in  this'work,  and,  had  these  chapters  been  written  a 
few  months  sootier,  we  should  have  confined  onrselves 
solely  to  the  processes  by  the  wet  way.  But  the 
recent  demands  of  the  trade,  which  often  requires 
the  two  kinds  of  gilding  upon  the  same  piece,  render 
it  necessary  for  us  to  give  some  information  upon 
what  is  called  the  ^^old  processes." 

Complete  gilding  works  ought  to  be  able  to  exe- 
cute what  is  called  the  demi  mat  (half-dead  lustre), 
that  is  to  say,  gilding  the  same  object  by  the  wet 
and  the  dry  way. 

Gilding  by  the  wet  way  is  effected  either  by  simple 
affinities  or  chemical  reactions,  and  receives  then  the 
name  of  gilding  by  dipping;  or,  by  the  combined  aid 
of  chemical  reactions  and  electricity,  which  is  called 
gilding  by  (he  battery^  electro  or  galvano^ilding,  and 
gold  electroplating. 

Gilding  by  dipping  or  simple  immersion  has  a 
great  analogy  with  the  old  processes  of  gilding  by 
stirring,  by  the  rag,  by  the  cork,  etc.,  all  of  which 
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result  in  mere  films  of  gold  without  firmness  and 
lasting  properties. 

Electro-gilding,  on  the  contrary,  corresponds  with 
the  old  process  of  gilding  by  fire  or  mercury.  The 
thickness  of  the  deposit  is  entirely  within  the  will 
of  the  operator ;  but  we  must  say  that,  notwithstand- 
ing certain  advantages,  electro-gilding  is,  even  at 
the  present  day,  far  inferior  to  the  gilding  by  fire  in 
regard  to  firmness,  the  preservation  of  the  under 
8ur£skces,  and  especially  the  power  of  resistance  to 
the  action  of  the  noxious  gases  of  the  atmosphere. 
This  criticism,  however,  should  not  prevent  us  from 
acknowledging  the  very  great  improvements  made 
in  the  art  of  electro-gilding  of  late  years,  and  to 
hope  that  soon  the  products  by  both  processes  will  be 
equal  in  quality. 

GfUdtng  hy  Dipping. 

This  manner  of  gilding  is  practised  upon  small 
articles  of  false  jewelry,  made  of  copper,  brass, 
bronze,  or  maillechort. 

The  baths  employed  contain  the  gold  in  the  form 
of  a  double  salt  of  protoxide,  and  should  fulfil  the 
following  conditions : — 

The  solution  must  possess  little  stability,  that  is 
to  Bay,  be  decomposed  and  abandon  its  gold  under 
feeble  influences,  and  it  should  dissolve  the  copper 
plunged  into  it  in  a  quantity  proportional  (equiva- 
lent) to  that  of  the  deposited  gold,  thus  forming  a 
new  double  salt  in  which,  the  copper  is  in  the  same 
degree  of  oxidization  as  the  gold. 

When,  as  is  more  ordinarily  the  case,  the  articles 
have  been  previously  amalgamated,  it  is  mercury  and 
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not  copper  which  is  substituted  for  gold  in  the  solu- 
tion. 

In  order  to  explain,  we  should  say  that,  if,  in  a  bath 
of  double  pyrophosphate  of  potassa  and  protoxide  of 
gold,  we  dip  a  well-cleansed  piece  of  copper,  this 
metal  will  be  coated  with  a  pellicle  of  gold,  and  will 
restore  to  the  liquor  a  proportional  (equivalent) 
quantity  of  copper,  so  that  the  former  salt  will  be 
transformed  into  a  double  pyrophosphate  of  potassa 
and  protoxide  of  copper. 

Preparation  of  (he  Oold  Baths  for  Dipping. 
The  best  of  these  baths  is  composed  of — 

Distilled  water 10  litres. 

Pyrophosphate  of  potassa'^  or  soda  .  800  grammes. 

Hydrocyanic  acid  of  ^  (prussic  acid)       .      8        ^^ 
Perchloride  of  gold  (crystallized)    .        .20        ^' 

This  quantity  of  chloride  represents  ten  grammes 
of  pure  gold  treated  by  aqua  regia. 

Put  nine  litres  or  kilogrammes  of  distilled  water 
in  a  porcelain  dish  or  capsule,  or  in  an  enamelled 
cast-iron  kettle,  and  add,  by  small  portions  at  a  time, 
and  stirring  with  a  glass  rod,  the  800  grammes  of 
pyrophosphate;  heat  afterwards  to  complete  the 
solution,  filter,  and  let  it  cool  off. 

Distilled  or  rain  water  is  necessary,  because  the 
lime-salts  contained  in  ordinary  water  decompose 

*  As  the  pyrophosphate  of  potassa  does  not  crystalliise,  its 
composition  is  often  variable,  and  is  too  much  or  too  little  basic. 
The  pyrophosphate  of  soda  is  most  generally  employed  in  the 
arts,  and  is  obtained  by  melting,  at  a  white  heat,  the  ordinary 
erystallized  phosphate  of  soda.  The  py^rophosphate  of  soda  may 
be  obtained  in  the  form  of  crystals,  which  is  a  proof  of  a  definite 
composition. 
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part  of  the  pyrophosphate;  and  if  this  latter  salt 
were  all  at  once  put  into  the  liquor,  it  would  form 
a  thick  mass  requiring  a  very  long  time  to  dissolve. 

On  the  other  hand,  the  chloride  of  gold  is  prepared 
by  introducing  into  a  small  glass  flask  or  balloon — 

Pare  gold  finely  laminated        .  .10  grammes. 

Hydrochloric  acid,  pare    ....    25        ^^ 
Nitric  acid,  pare        •        .        •        .        .15        ^' 

The  flask  is  slightly  heated,  and,  after  a  few 
seconds,  eflenrescence  and  abundant  nitrous  vapors 
result.  In  a  few  minutes,  the  gold  has  entirely  dis- 
appeared,  and  there  remains  a  reddish-yellow  Uquor. 

The  flask  is  then  put  upon  a  sheet  of  iron  pierced 
in  its  centre  with  a  hole  three  centimetres  in  diameter, 
and  supported  by  a  tripod.  The  whole  is  heated  by 
a  gas  or  alcohol  lamp  until  the  excess  of  the  acids 
is  evaporated.  Indeed,  too  much  acidity  may  cause 
great  irregularities  in  the  working  of  the  bath,  and 
even  prevent  its  action  altogether. 

An  excess  of  nitric  acid  causes  the  ^^  bumping"  of 
the  heated  liquors,  and  may  result  in  the  overthrow 
of  the  whole;  it  is,  therefore,  preferable  to  have  the 
hydrochloric  acid  predominating.  Bumping  may  be 
stopped  by  the  careful  addition  of  a  little  hydrochlo- 
ric acid. 

The  evaporation  is  finished  when  vapors  escape 
slowly  from  the  flask,  and  when  the  liquid  has 
become  of  an  oily  consistency  and  of  a  deep  hyacinth 
red  color.  The  flask  is  then  removed  from  the  fire 
by  means  of  wooden  pincers,  and  set  to  cool  upon  a 
ring  of  plaited  straw.  If  we  desire  a  more  rapid 
evaporation,  we  may  seize  the  neck  of  the  flask  be- 
tween the  wooden  pincers,  and  heat  it  upon  ignited 
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charcoal,  or  the  alcohol  lamp;  bat  then  we  must 
often  agitate  the  liquid  to  prevent  part  of  the  gold 
from  returning  to  the  metallic  state. 

The  well-prepared  chloride  of  gold,  when  cold, 
foi*ms  a  saffron-yellow  crystalline  mass.  If  the  color 
is  red,  it  has  been  too  much  evaporated,  and  will  do 
very  well  for  electro-baths;  but  for  dipping  baths, 
it  must  be  heated  again  after  a  small  addition  of  the 
two  acids. 

It  frequently  happens  that,  by  want  of  care,  the 
preparation  is  burned  off;  that  is  to  say,  the  perchlo- 
ride  of  gold,  by  too  protracted  a  heat,  has  passed  to 
the  state  of  insoluble  protochloride,  or  even  of  me- 
tallic gold.  The  treatment  must  then  be  begun 
again  with  aqua  regia,  i.  e.  the  indicated  mixture  of 
pure  nitric  and  hydrochloric  acids. 

The  perforated  sheet  of  iron,  upon  which  the  flask 
rests,  is  intended  to  prevent  the  action  of  heat  upon 
the  sides  of  the  vessel,  and  which  will  decompose  the 
films  of  chloride  of  gold  wetting  the  flask  at  these 
places. 

I  do  not  like  the  employment  of  wide  and  shallow 
vessels,  like  capsules  and  porcelain  dishes,  for  the 
preparation  of  the  chloride  of  gold,  because,  during 
the  effervescence  due  to  the  action  of  the  acids  upon 
the  metal,  a  sensible  proportion  of  the  liquor  is  pro- 
jected over  and  lost.  And,  unless  large  glass  ves- 
sels are  employed,  I  do  not  think  that  the  sand-bath 
is  useful.  With  sufficient  care,  we  may  heat  good 
flasks  directly  upon  a  fire,  and  for  many  years,  I  have- 
every  day  thus  prepared  30  grammes  of  gold  without 
any  accident. 

When  the  chloride  of  gold  is  cold  and  crystallized, 
we  dissolve  it  in  the  flask  with  a  little  distilled  water, 
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and  throw  the  solution  upon  a  paper  filter  placed  in 
a  glass  funnel  supported  by  the  neck  of  a  clean  bottle. 
The  object  of  this  filtration  is  to  separate  a  small 
quantity  of  silver  always  found  in  the  gold  of  the 
trade.  The  chloride  of  gold  is  very  soluble,  while 
that  of  silver  is  perfectly  insoluble.  The  flask  and 
filter  are  thoroughly  rinsed  with  the  unemployed 
tenth  litre  of  water,  so  as  to  introduce  all  the  gold 
into  the  bath. 

The  filtered  solution  of  chloride  of  gold  is  poured 
into  the  cooled  one  of  pyrophosphate,  and  the  whole 
is  stirred  with  a  glass  rod.  Lastly,  the  8  grammes 
of  hydrocyanic  acid  are  added,  and  the  bath  is  brought 
up  nearly  to  the  point  of  ebullition  for  use. 

If  the  solution  of  pyrophosphate  be  still  tepid,  it  is 
preferable  to  add  the  prussic  acid  before  the  chloride 
of  gold,  and  I  think  that  it  is  better  to  do  so  always. 

Hydrocyanic  or  prussic  acid  is  not  absolutely  ne* 
cessary  for  the  success  of  the  gilding,  and  many 
operators  do  not  use  it  at  all ;  but,  then,  the  bath  is 
too  easily  decomposed,  and  the  gold  is  precipitated 
too  rapidly  upon  the  objects  steeped  in  it. 

At  the  time  when  the  solutions  are  mixed  in  the 
cold,  the  liquor  is  yellow  or  greenish-yellow ;  but  it 
must  become  colorless  by  the  increase  of  temperature. 
[Nevertheless,  it  sometimes  happens  that  the  liquor 
becomes  currant  red,  or  wine-lees  violet,  which  is  an 
indication  that  there  is  too  little  hydrocyanic  acid, 
and  that  we  must  add  it,  drop  by  drop,  until  the 
liquor  becomes  colorless.  An  excess  of  this  acid  is 
objectionable  because  the  deposit  of  gold  is  rendered 
too  thin,  and  may  cease  entirely,  in  which  case  the 
bath  cannot  be  decomposed  except  by  electricity. 
At  all  events,  there  is  a  very  simple  method  of  keep- 
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ing  the  baths  in  good  working  order,  and  which  con- 
gists  in  adding  prussic  acid  gradually  to  those  too 
rich  in  gold ;  and,  conversely,  correcting  the  excess 
of  prussic  acid  with  a  small  proportion  of  chloride  of 
gold,  until  the  gilding  is  produced  without  difficulty 
and'of  the  proper  shade. 

Prepared  in  the  above-mentioned  manner,  the  bath 
will  produce  a  very  fine  gilding  upon  well-cleansed 
articles,  which  must  also  have  been  passed  through 
a  very  diluted  solution  of  nitrate  of  binoxide  of  mer- 
cury, without  which  the  deposit  of  gold  is  red  and 
irregular,  and  will  not  cover  the  soldered  portions. 

The  articles  to  be  gilded  must  be  constantly  agi- 
tated in  the  bath,  and  are  supported  by  a  hook  or  in 
a  stoneware  ladle  perforated  with  holes,  or  in  baskets 
of  brass  gauze,  according  to  their  shape  or  size. 

All  the  minutise  in  the  preparation,  which  we  have 
indicated,  are  far  from  being  observed  by  gilders 
well  conversant  with  this  kind  of  work.  For  the 
preparation  of  their  baths,  they  are  satisfied  with  dis- 
solving their  pyrophosphate  in  ordinary  water,  and 
adding  at  the  same  time  the  prussic  acid.  Their 
gold  is  dissolved  in  the  aforementioned  manner,  and 
its  solution,  without  previous  filtering,  is  added  to 
that,  more  or  less  cold,  of  pyrophosphate. 

Gilders  by  dipping  usually  employ  three  baths, 
disposed  in  close  proximity  one  to  the  other,  and 
heated  upon  the  same  furnace  by  charcoal  or  gas.* 

*  The  gas  furnace,  which  is  the  easiest  and  cleanest  of  all  (Fig. 
58),  is  made  of  a  sheet-iron  box  perforated  on  top  by  three  holes 
intended  to  support  the  bottoms  of  three  kettles.  Inside,  and 
under  each  kettle  is  a  gas  apparatus  composed  of  five  or  six  jets 
burning  with  a  blue  flame,  that  is  to  say,  by  an  arrangement 
which  allows  of  the  admixture  of  1  part  of  gas  with  5  or  6  of  air. 
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The  first  bath  is  nearly  deprived  of  gold  by  a  pre- 
riouB  operation,  and  is  nsed  for  removing  all  excess 
of  acid  which  may  remain  upon  the  articles  to  be 
gilded.  The  second  bath  still  retains  some  gold,  but 
not  enough  to  give  a  sufficiently  rich  and  dark 
gilding.  The  pieces  passed  through  it  absorb  the 
remaining  gold  at  the  same  time  that  they  begin  to 
receive  the  precious  deposit,  which  will  be  finished 
in  thickness  and  shade  in  the  third  bath. 

The  fresh  bath  of  to-day  becomes  the  second  of  to- 
morrow, and  the  second  takes  the  place  of  the  first, 
and  80  forth. 

These  jets  are  often  replaced  by  a  kini]  of  rose  perforated  burner, 
inside  of  which  the  mixture  of  gaa  and  air  takes  place.  This  ap- 
paratus has  two  separate  stopcocks,  one  connected  with  a  small 
central  jet,  and  the  other  with  the  roee  burner.    When  the  two 

Fig.  58. 


cocks  are  opened;  the  gas  is  lighted  at  all  the  apertures,  and  tbe 
baths  are  rapidly  heated  up  to  the  point  of  ebullition.  The  cock 
of  the  rose  burner  is  then  turned  off,  and  tbe  central  jet  is  suffi- 
cient to  keep  up  the  proper  temperature. 


126  GALTANOFLASTtC  HANIPmiATIONS. 

This  method  of  operating  allows  of  much  more 
gilding  with  a  given  quantity  of  gold,  than  with 
one  bath  alone.  It  explains  the  possibility  for  well- 
organized  woi'ks,  to  produce  a  cheaper  and  finer  gild- 
ing than  can  be  arrived  at  with  inferior  dispositions. 

The  gilding  is  made  in  a  few  seconds,  and  the 
finishing  operations  consist  in  rinsing  in  fresh  water, 
drying  in  dry  and  warm  sawdust,  and  burnishing,  if 
desired. 

A  good  sawdust  should  be  free  from  impurities 
and  resin,  and  come  from  white  woods,  especially 
from  fir,  poplar,  and  linden.  That  of  oak  and  walnut 
blackens  the  gilding;  and  that  of  boxwood,  although 
often  employed,  is  not  sufficiently  absorbing,  and 
clogs  the  wet  pieces. 

Sawdust  should  be  neither  too  fine  nor  too  coarse. 
It  is  generally  kept  in  a  box  (Fig.  59)  with  two  par- 
Fig.  69. 


titions,  and  the  bottom  of  which  is  of  zinc.    This  boK 
is  supported  upon  a  frame  of  sheet  iron  or  brickwork, 
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i^hich  admits,  at  its  lower  part,  of  the  rolling  of  a 
large  foot-stove  filled  with  baker's  charcoal  (braize), 
which  gives  a  regular  and  gentle  heat,  and  keeps  the 
sawdust  always  dry.  The  same  apparatus  is  also 
employed  for  heating  a  small  stoveroom,  the  partitions 
of  which  are  of  wire  gauze,  and  where  the  hot  air 
circulates  freely.  The  doors  of  this  stoveroom  are 
hinged  at  the  top,  so  that  they  will  always  close 
down  without  being  attended  to.  It  is  there  that  we 
finish  the  drying  of  those  pieces  having  hollow  parts 
which  the  sawdust  cannot  reach.  We  also  dry  there 
the  resist  varnishes,  the  articles  silvered  with  the 
brush,  etc. 

After  drying  very  small  articles  in  sawdust,  the 
latter  substance  is  removed  by  sieves  of  various  num- 
bers or  by  winnowing. 

m 

Coloring  process. 

It  happens  sometimes  that,  from  forgetting  some 
of  the  precautions  indicated,  the  gilding  is  dull  and 
irregular  in  color.  We  must  then  have  recourse  to 
the  coloring  process,  conducted  as  follows : — 

Melt  together  in  their  water  of  crystallization,  and 
at  about  100°  C,  equal  parts  of — 

Sulphate  of  iron  (green  copperas). 

Sulphate  of  zinc  (white  vitriol  or  copperas). 

Sulphate  of  alumina  and  potassa  (potash  alum). 

^Nitrate  of  potassa  (saltpetre). 

Smear  the  imperfectly  gilt  articles  with  the  mixture, 
so  as  to  have  them  entirely  covered,  and  put  them  in 
the  centre  of  a  furnace  (Fig.  60)  where  the  charcoal 
burns  between  the  sides  and  a  cylindrical  send  vertical 
grate.  The  hollow  central  portion,  where  the  heat 
radiates,  receives  the  objects.  ^  Fig.  61  represents  a 
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Fig.  60. 


vertical,  and  Fig.  62  a  horizontal,  section  of  the  ap- 
paratus. 

Fig.  61.  Fig.  6S. 


The  salts  begin  to  dry,  fuse  afterwards,  and  all  the 
mass  acquires  the  dull  appearance  of  yellowish  clay. 

When  the  moistened  finger  is  presented  to  one 
piece,  and  a  slight  hissing  sound  is  heard,  the  heat 
has  then  been  sufficiently  raised,  and  all  the  articles 
are  rapidly  thrown  into  a  very  diluted  solution  of 
ttiilphuric  acid,  where  the  external  coating  of  salts  is 


SEQUEL  TO  GILDING  BT  DIPPING.  129 

soon  disBoIved.  The  jewelry  then  presents  a  warm 
and  nniform  shade  of  color. 

This  process  will  evidently  only  suit  when  all  the 
parts  of  the  copper  articles  are  entirely  gilt  by  the 
first  operation.  If  they  are  not,  the  ungilt  portions 
will  show  themselves  by  a  red  coloration,  and  the 
articles  must  then  be  deprived  of  their  gold,  cleansed, 
and  gilt  anew.  "We  shall  soon  indicate  the  processes 
by  which  we  arrive  at  these  results  without  injury 
to  the  copper  or  its  alloys. 

At  the  present  time,  most  of  the  gilders  by  dipping 
gild  also  with  the  batteiy ;  and,  when  the  first  gilding 
is  imperfect,  instead  of  coloring  by  the  process  just 
described,  they  put  the  articles  for  a  few  moments 
into  the  electro-bath,  which  is  preferably  worked  hot, 
and  the  composition  of  which  shall  be  given  further 
on,  at  the  beginning  of  Chapter  XX. 


CHAPTER  XIII. 

BEQUKL  TO  GILDING  BY  DIPPING. 

OB  HOULU — COLORED  GOLDS— GREEN  AND  WHITE 
GILDING GILDING  SILVKK  BY  DIPPING. 

Sequel  to  Gilding  by  Dipping. 
Wb  have  said  that,  generally,  gilding  by  dipping 
is  especially  resorted  to  for  false  jewelry.  There  is, 
however,  an  easy  method  of  obtaiuing  by  this  process 
as  good  results  as  by  the  battery,  and  which  consists 
ID  gilding  several  times,  by  dipping,  those  objects 
which  require  a  good  plating.  The  secret  is,  that 
9 
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before  each  dipping,  the  article  is  passed  through 
the  sohition  of  nitrate  of  binoxide  of  mercury.  By 
thus  doing,  a  coat  of  mercury  is  deposited  at  each 
operation,  and  becomes  dissolved  in  the  bath  of  pyro- 
phosphate, to  be  replaced  by  a  new  coat  of  gold. 

This  method  is  applied  every  day  to  the  plating  of 
large  pieces,  such  as  clocks,  chandeliers,  ornamental 
bronzes,  etc.,  which  generally  require  the  use  of  the 
battery.  There  is  the  great  advantage  that  gilding 
by  dipping  is  superior  to  that  by  electricity  in  depth 
of  shade,  brightness,  lustre,  and  especially  in  not 
raising  or  scaling  off,  because  the  deposit  is  of  pure 
gold  only,  whereas,  by  the  galvanic  process,  a  sub- 
salt  of  this  metal  is  often  deposited. 

It  is  easy  to  ascertain  that  the  coat  of  gold  in- 
creases in  depth  with  each  successive  immersion  by 
watching  the  various  degrees  of  intensity  with  which 
nitric  acid  attacks  the  objects  after  each  operation. 
I  have  succeeded  in  gilding  copper  strongly  enough 
to  have  it  resist  the  action  of  concentrated  acids  for 
several  hours. 

A  strong  gilding  by  dipping  may,  like  that  by  the 
battery,  be  scratch-brushed  and  or  moulued;  but  the 
latter  operation  is  made  in  the  cold. 

Or  MouIvh 

This  operation  consists  in  smearing,  by  means  of  a 
brush  or  pencil,  the  objects  gilt  and  scratch-brushed 
with  a  thin  magma  of  nitrate  of  potassa,  alum,  and 
sanguine  (a  kind  of  oxide  of  iron,  red  chalk),  which 
have  been  intimately  mixed  and  ground  under  the 
muUer,  and  to  which  has  been  added  a  solution 
of  saffron,  or  annotto,  or  other  coloring  substance, 
according  to  the  depth  of  yellow  or  red  desired. 


COLORED  GOLD9.  131 

le  gilding  is  strong  and  thick,  the  objects  are 
until  the  coat  of  the  previous  magma  curls 
;  the  approach  of  a  wet  finger.  On  .the"  other 
f  the  gilding  is  a  mere  film  of  gold,  the  mix- 
simply  allowed  to  stand  upon  the  articles  for 
ninutes.  In  either  case,  the  whole  is  rapidly 
I  in  warm  water  holding  in  suspension  a  cer- 
lantity  of  the  materials  for  or  moulu. 
bout  using  any  other  water,  the  articles  are 
'  dried,  when  they  appear  of  a  darker  shade, 
ast  theu  equalize  the  color,  that  is  to  say,  re- 
he  portions  too  much  colored  by  striking  them 
,11y  with  the  long  bristles  of  a  brush  with  a 
(Fig.  63). 

Fig.  63. 


operation  of  or  moulu  is  practised  only  afler 

iiing,  if  the   whole  or  a  part  of  the   article 

!S  it. 

le  tint  of  or  moulu  does  not  appear  satisfactory 

X)  great  or  too  small  a  proportion  of  the  sub- 

3  employed,  it  is  easy  to  begin  the  operation 

ailer  washing  off  the,  or  moulu  in  a  diluted 

n  of  sulphuric  acid. 

shall  give,  in  the  chapter  on  chemical  pro- 

,  the  manner  of  preparing  various  shades  of 

lIu. 

(Mor&i  Golds. 
bing  is  more  various  than  the  differences  of 
,  tints,  and  colors  presented  by  the  gilt  articles 
in  the  trade.    They  vary  from  the  red  of  rose 
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copper  to  a  pale  white  similar  to  that  of  silver. 
Hence,  all  those  deDominations  employed  in  the  arts, 
of  yellow  gold,  virgin  gold,  red  gold,  pink  gold,  new 
gold,  blossom  gold,  green  gold,  and  white  gold. 

The  last  two  shades,  very  much  sought  for,  are 
easily  obtained  by  simple  dipping. 

Ghreen  and  White  Gilding. 

These  shades,  which  may  be  graduated  at  will,  are 
obtained  by  adding  drop  by  drop,  and  until  the  de- 
sired shade  is  arrived  at,  a  solution  of  nitrate  of 
silver  to  the  bath  of  double  pyrophosphate  of  soda 
and  gold,  of  which  we  have  given  the  formula. 

The  solution  of  nitrate  of  silver  is  prepared  by 
dissolving,  in  100  grammes  of  distilled  water,  ten 
grammes  of  nitrate  of  silver  crystallized,  or,  better 
still,  fused  and  white,  which  is  lunar  caustic. 

The  pyrophosphate  dissolves  silver  but  slightly, 
nevertheless,  it  absorbs  it  in  sufficient  quantity  for 
whitening  the  gilding  to  the  point  of  making  it  ap- 
pear like  silver. 

It  is  always  to  be  recommended,  before  gilding 
green  or  white,  to  gild  yellow  the  objects  in  the  ordi- 
nary bath,  then  to  pass  them  rapidly  through  the 
mercurial  solution,  and,  lastly,  to  dip  them  into  the 
gold  bath  holding  the  nitrate  of  silver. 

The  bath,  to  which  the  silver  solution  has  been 
added,  parts  quite  rapidly  with  its  silver  upon  the 
first  articles  steeped  in  it.  It  is,  therefore,  necessary 
to  maintain  the  constancy  of  the  shade  by  the  addi- 
tion of  a  few  drops  of  the  silver  solution  when  re- 
quired. 
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Gilding  Silver  hy  Dippirt^. 
hough  copper  and  its  alloys  are  mostly  used 
gilding  by  dipping,  it  is  not  impossible  to  gild 
in  the  following  manner: — 
!  silver  articles,  previously  cleansed  and  scratch- 
ed, are  boiled  for  about  half  an  hour  in  the  gold 
»f  pyrophosphate,  to  which  have  been  added  a 
rops  of  sulphurous  acid,  or,  preferably,  hydro- 
;  acid  in  excess  of  the  quantity  needed  by  the 
:ive  bath.  The  latter  of  these  acids  dissolves  a 
proportion  of  silver,  and  allows  an  equivalent 
Id  to  deposit.  The  former,  i.  e.,  sulphurous 
icts  like  a  reducing  agent  of  the  gold  solution, 
luses  the  metal  to  deposit  upon  the  silver,  from 
finity  between  metals,  especially  when  one  of 
is  in  the  nascent  state,  i.  e.,  just  disengaged 
a  combination.  This  gilding  is  very  fine,  but 
it  firmness.  The  deposit  is  rendered  more 
and  thicker  when  the  articles  of  silver  are  con- 
ly  stirred  with  a  rod  of  copper,  zinc,  or  brass ; 
len  we  have  the  galvanic  action  by  contact  of 
sterogeueous  metals  in  a  saline  solution. 


CHAPTER  XIT. 

SEQUEt  TO  GILDING  BY  DIPPING. 
LDINO  ON  PORCELAIN,  GLASS,  OE  CRYSTAL. 

Gilding  on  Porcelain^  Glass,  or  Crystal, 
MNG  the  last  few  years,  baths  of  pyrophosphates 
been  auccessfuUy  employed  for  gilding  glass, 
I,  stoneware,  earthenware,  and  porcelain. 


■,.*' 
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The  operation  is  conducted  as  follows : — 

Mix  intimately,  first  in  a  crystal  mortar  and  then 
between  a  muUer  and  a  ground  plate  glass,  neutral 
chloride  of  platinum  with  rectified  essence  of  laven- 
der,  so  as  to  form  a  thin  syrup,  which  is  applied  with 
a  brush  in  very  thin  layers  upon  the  glass,  porcelain, 
or  other  ceramic  object  which  we  desire  to  decorate. 
After  drying,  heat  in  a  muffle  up  to  a  dark  red.  At 
this  temperature,  the  essence  is  partly  volatilized,  and 
the  hydrogen  of  the  remainder  reduces  the  platinum 
to  the  metallic  state,  which  then  appears  with  a  per- 
fect polish.  After  cooling,  pass  the  whole  object 
through  aqua  fortis,  which  is  without  action  upon  the 
platinum,  but  destroys  the  impurities  which  may  tar- 
nish its  surface.  Binse  in  plenty  of  water,  and  dip 
into  the  gold  bath  the  object  which  has  been  wrapped 
with  a  few  turns  of  fine  brass  wire,  having  numerous 
points  of  contact  with  the  platinized  places. 

After  a  few  minutes,  the  platinum  is  entirely 
covered  with  a  fine  pellicle  of  gold  which  has  the 
same  adherence  and  polish.  A  rubbing  of  the  gold 
with  a  chamois  skin  finishes  the  operation.  This 
method,  as  we  readily  see,  .dispenses  with  any  bur- 
nishing, which  is  always  costly,  and  oft^n  impracti- 
cable in  the  deeply  indented  parts. 

If  the  gilding  be  too  red,  add  to  the  bath  a  few 
drops  of  a  solution  of  double  cyanide  of  potassium 
and  silver  (liquor  for  silver  electropfeting). 

This  method  is  preferable  to  that  of  baths  with 
separate  battery;  the  gilding  has  a  bright  instead  of 
a  dead  lustre,  and  its  adherence  is  greater. 

At  the  present  time,  the  bright  gold  gilding  by 
Dutertre's  process  has  been  generally  substituted  for 
that  which  we  have  described,  and  consists  in  apply- 
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a  bi'ush  or  pencil  an  intimate  mixture  of 
if  gold  and  various  essences  to  the  objects, 
I  then  submitted  to  an  incipient  red  heat, 
ting  gilding  looks  like  burnished  gold,  is 
88  firm  and  lasting,  and  is  applied  to  a  mul- 
imatl  porcelain  articles,  the  indented  8urface8 
render  impossible  the  employment  of  the 
§  or  any  other  polishing  tools. 


CHAPTER  XV. 

SEQUEL  TO  GILDING  BY  DIPPING. 
)  DIPPING  BATH  WITH  BIOAEBONATES. 

Id  Dipping  Bath  vnth  Bicarbonates. 

re  described  with  great  care  the  gold  bathe 
phosphates,  because  they  appear  to  us  pre- 
all  others.  Nevertheless,  it  is  possible  to 
pping,  with  othel*  substances,  and  especially 
jicavbonates  of  potassa  or  soda,  which,  a  few 
3e,  were  extolled  by  a  few  rule-of-thnmb 
men.  This  simply  proves  that  they  were 
Lnted  with,  or  did  not  know  how  to  use,  the 
thates,  • 

:h  with  bicarbonates  is  prepared  by  mixing 
ron  kettle,  turned  clean  and  smooth  inside 
,he,  and  gilt  by  the  protracted  ebullition  of 
ut  gold  baths — 


J 
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Water 16  kilogrammes. 

Bicarbonate  of  potassa  or  soda  (pre- 
ferably, of  potassa)          ....  9  " 
Pare  gold  (transformed  into  chloride)  120  grammes.* 

The  whole  is  boiled  for  at  least  two  hours,  and  fresh 
water  added  to  replace  that  evaporated.  A  part  of 
the  gold,  in  the  form  of  a  violet  black  powder,  has 
become  precipitated,  and  requires  the  cooling  and  de- 
canting of  the  liquor.  This  is  boiled  again,  and  the 
gilding  proceeded  with,  in  the  same  manner  as  before 
indicated,  except  that  the  mercurial  solution*  should 
be  more  diluted  than  is  necessary  with  the  baths  of 
pyrophosphates. 

The  operation  is  terminated  when  about  half  of  the 
gold  in  the  liquor  has  become  deposited.  The  re- 
mainder goes  to  the  saved  waste. 

If  we  now  compare  the  formulsB  of  the  two  baths, 
and  consider  the  dilution  of  the  one  and  the  concen- 
tration of  the  other,  the  rapidity  of  operation  in  the 
first  and  the  loss  of  time  occasioned  by  the  second, 
the  facility  of  using  all  the  gold  dissolved  by  the 
pyrophosphate  and  the  impossibility  of  utilizing  a 
great  proportion  of  that  iq  the  bicarbonate,  we  must 
acknowledge  that  there  is  no  possible  doubt  as  to 
which  to  choose,  especially  when  the  quality  and  the 
fineness  of  the  products  are  at  least  equal.  '  We  will 
add  that,  at  the  present  time,  we  do  not  know  any 
gilder  employing  the  above  formula,  which  we  have 
simply  recorded  as  an  historical  remembrance. 

Gilding  by  Dippinj. — Diluted  Bath. 

We  finish  the  series  of  formul»  for  gold  baths  by 
dipping  with  one,  which  on  account  of  the  facility  of 

*  This  weight  is  that  of  the  metallic  gold,  and  not  that  of  its 
chloride  resulting  from  the  treatment  by  aqua  regia. 
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ad  the  great  quantity  of  articles  which 
:,  is  often  employed,  notwithstanding  the 
lility  of  the  results. 

1  should  be  employed  only  as  a  comple- 
cleansing  process,  before  a  more  resisting 
I  is  composed  of — 

10  litres. 

ite  of  potaasa          .        .        .  200  grammea. 

otaBBa 1800         " 

if  potassium    ....  90          " 

X  transforaied  into  chloride)  .  10          " 

e  is  brought  up  to  the  point  of  ebullition, 
gilding,  a  mere  blush,  is  obtained  even 
fectly  cleansed  articles,  and  without  em- 
■ate  Of  biuoxide  of  mercury, 
ible,  at  four  or  five  different  times,  to  add 
5old  (6  grammes  each  time)  to  this  bath 
y  other  substances.  Afterwards  it  is 
Ett  the  proper  strength  by  additions  of  gold  . 
1  the  above  proiiortions,  and  it  lasts  for 
iefinite  period. 

ith  may  gild  about  4  kilogrammes  of  small 
li  1  gi-amme  of  gold,  whereas  a  bath  with 
ates  gilds  only  about  1  kilogramme  of 
es  with  the  1  gramme  of  gold  extracted 
uor. 

srs  of  large  bronze  pieces  use  this  bath  for 
tem  before  they  are  put  into  the  electro- 
1  this  account  it  is  called  the  cleansing  or 
ath. 
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CHAPTER  XVI. 

GILDING  BY  STIRBING  AND  GOLD  AMALGAM. 

Gilding  hy  Stirring  and  Gfold  Amalgam. 

The  old  processes  admit  of  the  gilding  of  small 
copper  articles  with  a  thin  and  adherent  layer.  The 
method  of  ancient  gilders,  by  stirring  and  gold  amal- 
gam, gives  results  very  analogous  to  those  obtained 
by  the  process  by  dipping,  just  explained. 

The  operation  of  gilding  by  stirring  and  gold  amal- 
gam is  performed  as  follows : — 

In  the  centre  of  a  charcoal  stove  put  a  crucible 
holding  a  given  quantity  of  pure  and  dry  mercury,  and 
when  the  temperature  has  reached  about  100°  C,  add 
one-half  of  the  weight  of  gold.  Stir  with  an  iron  rod, 
and  when  the  amalgam  has  acquired  the  consistency 
of  butter,  throw  it  into  cold  water,  and  keep  it  there 
for  use. 

After  the  cleafising  in  aqua  fortis  of  the  articles  to 
be  gilded,  put  them  in  a  stoneware  pan,  and  water 
them  with  a  diluted  solution  of  nitrate  of  binoxide  of 
mercury,  taking  care  to  stir  or  jerk  the  articles  all 
the  while,  in  order  to  change  the  positions  of  their 
surfaces  and  cover  them  with  a  regular  white  coating 
of  mercury. 

At  this  point,  add  to  the  mass  the  desired  propor- 
tion of  amalgam,  which,  on  stirring  the  articles,  is 
spr'>ad  all  over  them.  Then  rinse  in  cold  water,  and 
transfer  the  contents  of  the  stoneware  pan  into  a  large 
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copper  ladle,  pei'forated  with  numerous 
I,  and  having  a  long  handle  which  allows 
ing  motion. such  as  that  given  to  a  frying- 

e  and  its  contents  are  then  kept  over  a  live 
ire,  and  the  articles  are  constantly  stirred 
;o  have  the  heat  equal  everywhere.  The 
f  the  amalgam  is  soon  volatilized,  and  the 
ns  adherent  to  the  articles, 
id  of  a  yellow  gilding,  a  red  one  be  desired, 
■oceed  to  the  waxing,  which  operation  con- 
iiring  upon  the  pieces,  kept  in  the  ladle  and 
ire,  an  intimate  and  fluid  mixture  of — 

25  parts. 

r  wax  .  .         .         .  25      " 

te  of  copper        ....  10     " 

angalne  or  red  ochre  .        .        .  40     " 

icles  are  constantly  agitated,  and  the  mix-, 
wed  to  bum  out,  when  the  whole  is  thrown 
7  diluted  solution  of  sulphuric  acid.  The 
of  course,  done  only  after  the  complete 
on  of  the  mercury. 

le  pickle,  the  gilding  has  the  dull  appear- 
hreoua  clay,  and  must  be  scratch-brushed, 
articles  are  brightened  in  a  narrow  and  long 
!  they  are  put  with  copper  pearls  or  the  waste 
I  pearls,  and  wet  with  water  holding  vine- 
end  of  the  bag  is  attached  to  a  strong  nail 
the  wall,  higher  than  the  operator,  and  the 
^eing  taken  in  the  hand,  a  to-and-fro  motion 
d  to  the  bag.  The  gilt  articles  and  the 
Etnules  roll  over  each  other,  and  become, 
polished.  Lastly,  rinsing,  and  drying  in 
nd  sometimes  burnishing,  are  attended  to. 
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Gilding  by  stirring  and  amalgam  may  give  good 
results;  but  most  generally  the  proportion  of  gold 
is  so  slight  that  it  not  seldom  happens  than  the  pelli- 
cle of  gold  remains  in  the  acid  solution  used  for  cool- 
ing, and  that  the  finished  articles  have  nothing  to 
enhance  their  value  but  the  red  from  the  waxing,  and 
the  bright  lustre  from  the  polishing  operation.  These 
coppers,  however,  are  with  difficulty  oxidized,  as  if 
they  had  been  penetrated  by  the  fatty  substances  of 
the  waxing  composition.  I  have  analyzed  jewelry, 
claimed  to  have  been  gilt  by  stirring  and  gold  amal- 
gam, and  the  gilding  of  which  had  been  found  very 
fine ;  not  a  trace  of  gold  could  be  found.  The  entire 
quantity  of  the  gold  employed  must  therefore  have 
been  left  in  the  acid  pickle,  which  was  thrown  away. 
I  have  also  seen  a  very  fine  batch  of  gilt  articles,  the 
gold  of  the  amalgam  of  which  had  fallen  into  the  char- 
coal of  the  stove,  where  it  was  found  entire  afterwai-ds. 

Each  operator  has  his  own  method  of  waxing,  and 
varies  its  composition.  That  given  above  succeeds 
well,  and  I  have  seen  it  often  practised,  and  I  use  it 
myself. 


CHAPTER  Xyil. 


COLD  GILDING  WITH  THE  RAG. 


Cold  Gilding  with  (he  Hag. 

We  shall  not  conclude  the  methods  of  thin  gilding, 
without  mentioning  a  very  simple,  and  often  very  use- 
ful, process  of  gilding  silver.  It  was  formerly,  and  is 
even  at  the  present  time,  used  for  gilding  the  insides 
of  snuff-boxes,  and  similar  articles. 
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'ocess  is  known  under  the  name  of  cold  gild- 

HAe  rag,  with  ffie  thumb,  with  the  cork. 

'e  pure  gold,  finely  laminated,  in  aqua  regia 

acid 5  parts. 

chlorate  of  ammonia  (sal  ammoniac)     .        2    " 
)  of  potassa  (saltpetre)  ....        J  part. 

larefuUy  upon  a  gentle  fire;  the  nitric  acid 
tes  the  bydrochlorate  of  ammonia,  and  the 
jric  acid  combines  with  the  nitric,  thus  form- 
aqua  regia  which  dissolves  the  gold.  The 
'  potassa  remains  mixed  with  the  chloride  of 
.  we  shall  soon  see  what  its  use  is  for. 
all  the  gold  has  disappeared,  pour  the  cooled 
of  the  flask  into  a  flat-hottomed  stoneware 
to  this  liquor,  dispose  one  upon  the  other, 
fficient  quantity,  squares  of  pure  linen  cloth, 
:e  them  with  a  glass  rod,  in  order  that  they 
equally  impregnated  with  the  chloride  of 
ach  square  of  cloth  is  then  taken  with  wooden 
veil  drained,  and  spread  for  drying  in  a  dark 
When  the  desiccation  is  nearly  complete, 
ce  of  cloth,  supported  upon  glass  rods,  is 
1  top  of  a  charcoal  fire,  and  soon  takes  fire, 
bastion  is  accelerated  by  the  presence  of  the 
'  potassa,  and  is  finished  upon  a  marble  slab. 
e  ashes  under  a  muller,  collect,  and  keep  them 
the  folds  of  a  parchment  leaf,  around  which 
th  has  been  folded.  The  ashes  remain  there 
k,  but  every  day  they  are  stirred  in  order  to 
jqual  wetting  by  the  dampness  which  pene- 
'ough  the  parchment. 

>wder  is  then  ready  to  use,  and  it  is  sufficient 
.  upon  a  slab  with  a  few  drops  of  water,  and 
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to  rub  with  this  paste  the  well-cleaned  surfaces  of  the 
silver  to  be  gilt.  The  smooth  surfaces  are  rubbed 
with  the  thumb,  the  fillets  or  grooves  with  a  fine 
cork  cut  to  the  proper  shape,  and  the  corners  or 
angles  with  a  stick  of  soft  wood,  like  linden  or 
poplar.  Lastly,  the  articles  are  burnished.  This  gild- 
ing is  very  thin,  but  quite  resisting,  especially  after 
the  action  of  the  burnishing  tool,  which  has  incrus- 
tated  the  gold  into  the  pores  of  the  silver.  If  a  red 
shade  be  desired  instead  of  a  yellow  one,  a  small 
proportion  of  pure  copper  is  added  to  the  gold  to  be 
dissolved  in  aqua  regia. 

By  the  action  of  the  fire  during  the  combustion  of 
the*  cloth,  a  part  of  the  perchloride  of  gold  has  been 
reduced  to  metallic  gold,  and  the  remainder  has  been 
transformed  into  protochloride.  The  presence  of  the 
latter  salt  in  the  mixture  seems  to  us  to  cause  the 
adherence  of  the  deposit,  since  the  protochloride  of 
gold,  in  contact  with  silver,  decomposes  this  metal 
and  transforms  it  into  chloride,  whereas  the  gold  is 
deposited  in  the  nascent  state,  i.  e.,  in  the  best  con- 
dition for  the  combination  to  take  place. 

We  are  perfectly  satisfied  that  gilding  with  the  rag 
will  succeed  just  as  well  by  using  the  ashes  immedi- 
ately after  the  burning  of  the  cloth  impregnated 
with  perchloride  of  gold ;  but  we  have  preferred  to 
describe  the  operation  such  as  we  have  seen  it  per^ 
formed,  with  all  its  quasi-mystical  accompaniments. 
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CHAPTER  XVin. 

h  "WITH  THE  BRUSH  OB  7ITH  SHELL  GOLD. 

ing  with  ihe  Brush  or  with  Shell  Gold. 
rabilitj  of  this  gilding  is  that  of  the  glue 
;  employed,  and  it  is  applied  only  on  very 
aces  for  slight  repairs  which  do  not  require 
g  anew  of  finished  articles, 
d  powder  is  simply  mixed  with  gum-water, 
Lth  a  brush  upon  the  parts  to  be  mended, 
3d  to  dry. 

d  powder  is  prepared  by  the  attrition  under 
r  of  the  cuttings  of  gold  beater's  foD,  and 
ix)  prevent  them  from  being  blown  away,  a 
lantity  of  white  honey  is  added.  "When  it 
sred  that  the  powder  is  fine  enough,  the 
tut  into  water,  by  which  the  honey  is  dis- 
Ifter  several  washings,  settlings,  and  de- 
the  powder  is  allowed  to  dry.  In  ease  of 
I  washing  may  be  performed  upon  a  paper 
le  dry  powder  is  again  ground  with  a  little 
r  mucilaginous  water,  and  the  paste  pro- 
read  over  a  small  porcelain  cup,  or  more 
over  the  inside  of  a  mussel  shell, 
wder  of  green  gold  be  desired,  silver  foil  is 
:h  the  gold  cuttings.  An  addition  of  rose 
1  produces  a  red  gold.  It  is,  however,  pre- 
use  foils  laminated  fi-om  alloys  made  for  the 
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.We  may  say,  in  advance,  that  the  preparation  is 
the  same  for  silver  powder  employed  for  mending 
slight  defects  in  silver  articles  not  exposed  to  friction. 

Every  gilder  should  have  at  hand  a  complete  stock 
of  these  various  powders,  which  will  save  him  a  great 
deal  of  tedious  work. 


CHAPTEE  XIX. 

GALVANO-GILDING  OR  GOLD  ELECTROPLATING. 

Oold  Electroplating. 

Gilding  by  the  battery  presents  the  advantage  of 
being  easily  applied  to  all  the  usual  metals,  and  of 
producing  deposits,  the  thickness  of  which  is  entirely 
regulated  at  the  will  of  the  operator. 

It  is  not  always  necessary  in  electro-gilding  to  use 
a  battery,  for  we  must  remember  that  the  contact  of 
two  heterogeneous  metals,  especially  within  an  acid  or 
saline  liquor,  is  suflScient  to  produce  electricity. 
Electro-gilding,  therefore,  will  take  place  each  time, 
that,  in  a  proper  gold  solution,  there  is  contact  between 
an  electro-negative  metal  and  an  electro-positive  one. 

We  have  already  stated  that,  in  gilding  silver  by 
dipping,  the  same  phenomenon  takes  place  by  the 
contact  of  copper  or  zinc  rods  which  act  like  the 
positive  element  of  a  feeble  battery,  the  negative  ele- 
ment of  which  is  represented  by  the  silver.  We  shall 
see,  further  on,  that  it  is  sufficient  to  plunge  the  arti- 
cles, attached  by  zinc  wires,  into  gold  baths  prepared 
for  the  use  of  batteries,  to  have  the  operation  takings 
place  in  the  same  manner  as  with  a  separate  battery. 
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lerefore,  well  understood  that  what  we  call 
ding,  or,  in  a  more  general  way,  electro-de-  | 

le  deposit  obtained  by  an  electric  current,  -t 

be  its  mode  of  production.     But  we  shall  ■] 

lore  particularly,  as  being  more  general,  the  ] 

md  formulsB  which  require  generators  of  "\ 

separated,  from  the  baths.  j 

■gilding  is  done  with  the  aid  of  heat,  or  in  j 

This  latter  method  is  especially  employed  1 

large  pieces,  like  clocks,  chandeliers,  etc., 
.  otherwise  require  the  heating  of  great  vol-  i 

quid.  I 

-gilding  by  heat,  on  the  other  hand,  is  per-  t 

1  adapted  to  the  gi-eat  majority  of  cases,  i 

ill  articles,  such  as  forks,  spoons,  knives,  .  * '. 

!S,  etc.,  are  to  be  gilt.  < 

here  say  that  hot  gilding  offers  several 
•s  over  the  method  in  the  cold.  The  de- 
more  smooth  and  clean,  the  color  is  deeper, 
rticles,  removed  from  the  bath,  may  not  re- 
ring.  We  may,  therefore,  correct  the  mis- 
i,  so  often  to  be  met  in  the  arts,  and  due  to 
y  of  obtaining  pleasing  but  not  durable  de- 
ti  very  little  gold  by  hot  baths,  that  gildings 
he  hoi  meOiod  resist  less  than  those  obtained  ^ 

I  way. 

',  on  the  contrary,  that  with  the  same  quart- 
d,  gilding  hy  heat  is  muck  more  durable  than 
ledjrom  cold  baths.  Everybody  knows  that 
ndeposits,  including  those  of  gold,  are  no- 
than  cobwebs,  the  meshes  of  which  are  more 
se.  Is  it  not  evident  that,  with  a  cold  bath 
a  cold  article,  the  network  will  remain  what 
he  time  of  the  deposit ;  whereas,  if  into  a  hot 


/ 


146  GALVANOPLASTIC  MANIPULATIONS. 

bath  we  plunge  a  cold  surface,  this  will  expand  by 
the  heat  and  present  to  the  deposit  a  larger  surface, 
which,  contracting  by  cooling,  will  condense  at  the 
same  time  the  meshes  of  the  network  of  the  gold 
deposit? 

Another  proof  of  the  superiwity  of  hot  over  cold 
gilding  is  that  we  cannot  gild  by  the  latter  method 
steel,  tin,  or  lead,  which  may  be  gilt  in  hot  baths. 
These  also  dissolve  easily  the  fatty  bodies  or  the  ox- 
ides which  may  remain  on  the  surface  of  the  articles, 
and  thus  aid  the  success  of  the  operation. 

To  sum  up,  the  want  of  durability  is  not  due  to  the 
use  of  hot  baths,  but  to  the  thinness  and  beauty  of 
the  deposit  which  it  is  possible  to  obtain  by  the  hot 
method,  and  with  which,  unhappily,  too  many  gilders 
content  themselves. 

Cold  Ekctrihgilding  Baths. 

The  proportions  and  the  nature  of  the  salts  employed 
may  vary  ad  infinitum;  but  here  are  three  formul© 
which  are  in  general  use  and  give  satisfactory  results. 

First  Formula. 

BATH  WITH  GOLD  AMMONIUM. 

Water  (better  distilled)  ...      10  litres. 

Cyanide  of  potassium  (ordinary  70  per 

cent)     . 300  grammes. 

Pare  gold 100        " 

Ammonia  (aqua  ammonia)      •        •        •  500        ^ 

This  bath  is  prepared  as  follows : — 

1,  Heat  in  a  glass  balloon  or  flask  the  100  grammes 
of  gold  with  250  grammes  of  pure  hydrochloric  acid, 
and  125  grammes  of  pure  nitric  acid.  When  the 
gold  is  dissolved^  continue  the  heat  in  order  to.  expel 
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Bs  of  acid  fumes,  and  until  the  color  of  the 
.quid  is  dark  red,  nearly  black.  Remove  then 
fire,  and  diesolve  the  brown-yellow  erystal- 
8  formed  by  cooling,  in  one  or  two  litres  of 
id  pour  into  a  large  porcelain  dieh.  ' 

o  this  liquid  the  500  grammes  of  ammonia, 
nmediately  produce  an'  abundant  yellowish 
te  of  gold  ammonium,  or  animoniuret  of 
"hrow  the  whole  upon  filtering  paper,  and  the 
iquid,  which  is  slightly  yellow  and  still  con- 
,ces  of  gold,  is  kept  with  the  saved  waste, 
iveral  times  with  cold  water  the  precipitate 
g  upon  the  filter,  until  it  no  longer  smells  of 

mmoniuret  of  gold  should  not  be  dried,  be- 
is  fulminating,  i.  e.,  detonates  by  a  slight 
friction. 

solve  in  the  vessel  used  as  a  bath,  and  in  the 
s  of  water,  the  300  grammes  of  ordinai'y 
of  potassium.  Filter,  if  necessary,  and  add 
gold  ammonium,  which  is  rapidly  disaolveil 
ig,  and  forms  a  clear  gold  bath.  But  befort; 
cold,  the  ammonia  should  be  expelled  by 
t  for  about  one  hour. 

newly  prepared  cold  electro-gilding  bath,  I 
le  ordinary  cyanide  of  potassium,  which,  on 
□f  the  potassa  it  contains,  renders  the  liquor 
conductor  of  the  electricity.  On  the  other 
prefer,  for  the  preservation  of  the  strength, 
cyanide,  which  possesses  the  advantage  of  a 
composition,  and  does  not  load  the  solution 
lign  salts. 

:old  solution  for  maintaining  the  metallic 
of  the  bath  is  prepared  as  follows :   Trans- 
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form  the  gold  into  ammoniuret,  as  indicated  above, 
and  suspend  the  product  in  water  (1  litre  for  100 
grammes  of  gold),  then  add  cyanide  of  potassium 
until  the  liquor  is  colorless.  If  there  were  not  a  suf- 
ficiency of  water  with  the  gold  ammonium,  the  liquor 
would  be  dark  red,  and  could  not  be  decolorized  by 
an  excess  of  cyanide;  nevertheless,  there  is  no  in- 
convenience in  introducing  this  liquor  into  the  im- 
poverished bath. 

Second  Formula. 

BATH  WITH  THE  DOUBLE  OTANmE  OF  GOLD  AND  POTASSIUM. 

Water  (preferably  distilled)      ...  10  litres. 

Cyanide  of  potassium,  pare              .        .        200  grammes, 
or  ordinary  cyanide,  according  to  strength,  300  to  400         '^ 
Pure  gold 100         " 

For  the  preparation  of  the  bath,  proceed  as  fol- 
lows : — 

1.  Make  a  neutral  chloride  of  gold,  as  in  the  pre- 
ceding formula,  and,  when  cold  and  crystallized,  dis- 
solve it  in  2  litres  of  water.    Filter  if  needed. 

2.  Dissolve  the  cyanide  in  8  litres  of  water,  filter 
f  needed,  and  mix  the  two  solutions,  which  become 

colorless. 

"When,  before  using  it,  it  is  possible  to  boil  this  bath 
or  half  an  hour,  it  becomes  a  better  conductor  of  elec- 
tricity, and  the  gilding  is  more  uniform. 

Its  strength  is  maintained  by  additions  of  neutral 
chloride  of  gold  and  pure  cyanide  of  potassium  (firom 
1  to  1.5  gramme  of  pure  cyanide  to  1  gramme  of  gold 
used). 

These  two  formulae  of  baths  may  be  diluted  with 
once  or  twice  their  volume  of  water;  the  gilding  will 
remain  fine,  but  the  proportion  of  gold  deposited  is 
less  in  a  given  length  of  time. 
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Third  Formula. 

BATH  WITH  PRUB&IATE  OF  QOLD. 

ferride  of  potassium  (yellow  prussiate  of 

sea) 200  grammes. 

late  of  potassa,  pure      .        .        .        150        '* 

de  of  ammonium  (sal  ammoDiac)  .  SO  " 

tniDsformed  into  chloride)     .        .  15         " 

10  litres. 

gether  all  the  salts,  less  the  chloride  of  gold, 
by  filtration  the  precipitate  of  carbonate  of 
then  the  chloride  of  gold  dissolved  in  a  little 
d  allow  the  bath  to  cool  off. 
jeless  to  say  that  any  kind  of  gold  salt,  and 
i  or  even  the  finely  comminuted  metal,  may 
place  of  the  chloride  of  gold ;  but  this  latter 
J  preferred  on  account  of  the  facility  of  its 
Dn,  and  of  its  solubility.* 
operators  prefer  the  ammoniuret  of  gold 
monium)  prepared  aa  in  the  first  formula, 
dition  of  a  little  hydrocyanic  (prussic)  acid 
a  brighter,  but  thinner,  gilding, 
iieated  cyanides  may  be  replaced  by  cyanides 
ites  with  other  earthy  or  alkaline  bases,  pro- 
jr  are  soluble;  sach  are  the  cyanides  of  sodium, 
md  ammonium, 
ilding  baths  are  generally  kept  in  vessels  of 

e  of  the  cyanide  of  gold,  extolled  by  certain  merchants 

I  products,  results  in  their  selling  very  dear  a  product 
jkins  but  a  small  proportion  of  metal.    Any  kind  of 

II  be  transformed  into  cyanide  by  the  cyanide  of  potas- 
it  is  entirely  useless  to  pay  t6  for  a  product  which 
t  $2  or  $3  worth  of  metaL     The  small  proportion  of 

potassiam  resulting  tiom  the  transformation  of  tlie 
gold  into  cyanide  does  not  prevent  the  good  working 
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stoneware,  earthenware,  or  porcelain;  but  for  large 
volumes  of  liquor  we  use  wooden  troughs  lined  with 
gutta,  percha  plates. 

The  sides  of  the  trough  support  anodes  of  laminated 
gold  (Fig.  64),  which  dip  entirely  into  the  liquor. 

Pig.  64. 


and  are  held  by  small   platinum  wires.    They  are 
connected  with   the  positive  pole  of  the   battery. 
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The  articles  to  be  gilt  are  suspended,  by  means  of 
metallic  slinging  wires,  to  a  movable  frame  of  clean 
brass  rods  connected  with  the  negative  pole. 

The  deposit  of  gold  is  often  pure  yellow,  but  it  has 
sometimes  a  dull  and  earthy  gray  color.  In  the 
latter  case  we  are  obliged  to  scratch-brush  it  a  long 
time  and  with  the  greatest  care,  and  then  to  pass  it 
through  the  or  moulu  coloring. 

The  gold  anode  not  only  conducts  the  electricity, 
but  also  maintains  the  metallic  strength  of  the  bath 
up  to  a  certain  point.  Theoretically,  as  much  gold 
should  be  dissolved  from  the  anode,  as  there  is  gold 
deposited  upon  the  other  pole ;  but  in  practice,  we 
are  obliged  to  add  now  and  then,  either  the  oxide  or 
the  chloride  of  gold,  and  a  certain  proportion  of  cya- 
nide of  potassium  to  make  up  for  that  transformed 
into  carbonate  of  potassa  and  cyanate  of  ammonia. 

The  proportion  of  cyanide  is  about  double  that  of 
the  chloride  of  gold  added.  We  ascertain,  however, 
by  the  color  of  the  bath  and  the  shade  of  the  deposit, 
if  the  proportion  t)f  the  chloride  of  gold  is  too  great, 
in  which  case  we  add  more  cyanide. 
*  If  gold  predominates,  the  deposit  is  quite  black  or 
dark  red;  on  the  other  hand,  when  the  cyanide  is  in  ex- 
cess, the  gilding  is  very  slow  and  gray,  and  it  will  often 
happen  that  pieces  already  gilt  will  lose  their  gold. 

Some  gilders,  in  oi'der  not  ^ to  increase  the  specific 
gravity  of  their  liquors  by  the  addition  of  new  salts, 
add  a  little  hydrocyanic  acid,  which,  displacing  the 
carbonic  acid  of  the  carbonates,  forms  with  them  new 
cyanides.  This  process  is  costly,  and  propagates  the 
employment  of  the  most  poisonous  substances.  It 
will  be  preferable  to  add  some  water  with  the  new 
Baits,  or  to  substitute  for  the  cyanide  of  potassium 
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the  cyanide  of  calcium,  which,  reacting  upon  the  car- 
bonate of  potassa  in  the  bath,  forms  a  soluble  cyanide 
of  potassium  and  an  insoluble  precipitate  of  carbonate 
of  lime.  The  cyanide  of  ammonium  may  also  be  em- 
ployed, and  will,  by  double  decomposition,  give  rise 
to  carbonate  of  ammonia  which  is  volatile. 

Notwithstanding  these  inconveniences,  the  cyanide 
of  potassium  is  nearly  always  employed,  because  its 
preparation  is  more  easy  and  cheap. 

When  the  bath  does  not  act,  the  gold  anode  must 
be  removed  from  it,  otherwise  it  will  be  dissolved,  and 
the  bath  will  contain  too  much  metal. 

If  the  anode  were  partly  immersed  in  the  bath,  it 
would  be  rapidly  cut  at  the  level  of  the  liquid ;  and 
for  this  reason  we  have  recommended  the  employment 
of  platinum  wires  which  are  not  acted  upon.* 

Cold  electro-gilding,  in  opposition  to  the  hot 
method,  should  be  done  slowly;  and  the  operator 
will  have  to  look  often  at  the  pieces  in  the  bath  in 
order  to  scratch-brush  those  with  an  irregular  deposit, 
or  with  dark  spots. 

As  it  is  not  possible  to  constantly  modify.the  surface 
of  the  anode,  to  correspond  with  that  of  the  articles, 
the  intensity  of  the  current  should  be  often  changed 
by  increasing  or  diminishing  the  number  of  the  ele- 
ments, or  the  strength  or  the  volume  of  the  liquors 
in  the  battery.  With  too  much  intensity  in  the  cur- 
rent, the  deposit  is  blac£:  or  red ;  it  is  yellow  with  the 

*  We  should  notice  as  a  remarkable  phenomenon,  that  the  so- 
lutions of  cyanides,  even  without  the  action  of  the  electric  cur- 
rent, rapidly  dissolve  in  the  cold  or  at  a  moderate  temperature  all 
the  metals  except  platinum ;  and  that  at  the  boiling  point,  they 
have  scarcely  any  action  upon  the  metals. 
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or  the  biphosphate,  and  leaves  the  gold  with  its 
natural  bright  lustre. 

Note. — ^When,  after  scratch-brushing  small  gilt  articles,  their 
color  is  not  entirely  satisfactory,  it  may  be  improved  by  plunging 
the  articles  again  into  the  bath  but  for  one  instant,  and  then 
immediately  into  boiling  water. 

In  gilding  German  silver,  A.  Watt  recommends  that  the  solo- 
tion  should  be  worked  at  rather  a  low  temperature,  and  with  a 
less  surface  of  anode.  The  solution  should  be  just  so  weak  in 
precious  metal,  that  the  German  silver  will  not  precipitate  the  gold 
without  the  aid  of  the  battery ;  otherwise  the  deposit  will  take 
place  so  rapidly  that  the  gold  will  peel  off  when  being  burnished, 
or  even  scratch-brushed. —  Trans. 


CHAPTER  XX. 

GOLD  ELECTROPLATING  IS  HOT  BATHS— GREEN  GOLD 
— WHITE  GOLD— RED  GOLD— PINK,  OR  NEW  GOLD. 

Gold  .Electroplating  in  hot  hatha. 

We  have  already  stated  that  this  sort  of  gilding 
is  more  regular,  more  rapidly  obtained,  and  possesses 
a  deeper  shade,  than  that  by  cold  baths. 

The  composition  of  the  liquors  may  be  varied 
greatly;  but  we  shall  indicate  only  four  formulae 
which  we  use  every  day,  and  which  we  can  warrant. 

These  formula  are  set  down  in  the  order  of  their 
value,  the  first  one  being  the  best. 

First  Formula. 

Piiosphate  of  soda  (crystallized)  •        .        •  600  grammes. 

Bisulphite  of  soda 100        ^^ 

Cyanide  of  potassium,  pure   ....  10        '^ 

Pure  gold  (to  be  transformed  into  chloride)  .  10        ^^ 

Kain  or  distilled  water 10  litres. 


I 

J 
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■mula  is  equally  satisfactory  for  the  rapid 
Idiiig  of  silver,  bronze,  copper,  maillechort, 
alloys  rich  in  copper.  On  the  other  hand, 
^  wrought  and  cast  iron  aud  steel  directly, 
say,  without  a  previous  coat  of  copper,  the 
modified  as  follows : — 

1  wftter 10  litres. 

tte  of  Boda 600  grammes. 

ite  of  soda 126        " 

I  of  potassium  (pore)     ...  6        " 

ir  a  perfectly  neutral  chloride*)     .  10        " 

te  contrary,  we  have  to  gild  zinc,  tin,  lead, 
or  the  alloys  of  these  metals,  it  is  then 
eferable  to  give  them  a  previous  coat  of 
at  least  to  begin  the  gilding  in  a  hot  gold 
;b,  nearly  worn  out,  and  to  scratch-brush 
9  carefully.  The  gilding  is  completed  in  a 
ith,  with  quite  an  energetic  current. 

ION  OF  THE  HOT  KLKCTEO-GILDING  BATH 
BY  TflB  FBECEDING  FORUULA. 

jeed  as  follows : — 

i  porcelain  dish,  or  into  an  enamelled  cast- 
i  heated  over  a  charcoal  stove,  put  8  litres 
distilled  water,  and  dissolve  in  it,  by  the 
ing,  the  600  grammes  of  crystallized  phos- 

i  be  well  anderstood,  onc«  for  all,  that  the  propor- 
ndicated  is  that  of  the  metal  employed  and  not  that 
Dg  salt.  Therefore,  It  is  not  necessary  to  mind  the 
I  chloride,  if  we  have  dissolved  10  grammes  of  gold 
L  Those  persons  who  buy  the  chloride  of  gold  al- 
)d,  will  remember  that  10  parts  of  metallic  gold  cor- 
out  18  parts  of  neutral  chloride,  or  to  20  or  22  parts 
de  such  as  is  sold  in  chemical  stores. 


loo 
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phate  of  soda.  "When  this  salt  is  entirely  dissolved, 
remove  the  liquor  from  the  fire,  filter  it  if  necessary, 
and  allow  it  to  cool  off. 

2.  Introduce  into  a  glass  flask  10  grammes  of  finely 
laminated  gold,  with  15  grammes  of  pure  nitric  acid 
and  25  grammes  of  pure  hydrochloric  acid.  Heat 
slowly  until  all  the  gold  has  dissolved,  and  then  more 
rapidly  to  expel  the  excess  of  acid.  There  should 
remain  in  the  balloon  only  a  thick  liquid  of  a  blackish- 
red  color.  Bemove  then  the  flask  from  the  fire,  and 
by  cooling  the  contents  form  a  brown-red  crystalline 
mass. 

3.  Dissolve  in  a  porcelain  dish,  and  in  1  litre  of 
water,  100  grammes  of  bisulphite  of  soda  and  5  to  10 
grammes  (according  to  the  case)  of  pure  cyanide  of 
potassium. 

4.  Dissolve  then  the  neutral  chloride  of  gold  in  the 
tenth  litre  of  water,  and  pour  it  slowly  (stirring  all 
the  while  with  a  glass  rod),  into  the  cold  solution  of 
phosphate  of  soda.  Thi  s  mixture  acquires  a  greenish- 
yellow  tinge;  and  without  losing  time,  pour  into 
the  mixture  the  solution  of  bisulphite  and  of  cyanide. 
The  whole  liquor  soon  becomes  colorless,  and  the 
gilding  bath  is  ready. 

If,  instead  of  allowing  the  solution  of  phosphate  of 
soda  to  cool  off,  the  chloride  of  gold  were  thrown 
into  it  while  hot,  there  would  be  danger  of  a  partial 
reduction  of  the  gold  in  the  form  of  a  metallic  red  or 
yellow  powder. 

To  sum  up,  a  good  preparation  of  the  bath  re- 
quires : — 

1.  The  solution  of  600  grammes  of  phosphate  of 
soda  in  8  litres  of  wat6r,  which  is  allowed  to  cool  off; 

2.  The  solution,  in  the  ninth  litre  of  water,  of  the 
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chloride  resxilting  from  the  10  grammes  of  water,  and 
its  gradual  mixing  with  the  former  solution ; 

3.  The  solution  in  the  tenth  litre  of  water,  of  100 

of  hisulphite  of  soda,  and  10  grammes  of 
lide,  and  the  mixing  of  this  last  solution 
preceding  ones. 

anot  approve  of  the  practice  of  many  gilders 
ititute  ordinary  for  distilled  water,  dissolve 
Its  together,  except  the  chloride  of  gold,  and 
ist  to  the  hot  liquid.  This  method  is  cer- 
ire  rapid,  hut  always  produces  turbid  baths, 
ing  of  which  is  uncertain, 
t  electro-gilding  baths  are  kept  in  porcelain 
r  small  quantities  of  liquor,  but  with  large 

enamelled  cast-iron  kettles  are  employed. 

kept  at  a  temperature  which  may  vary  from 

°C. 

irticles,  like  brooches,  bracelets,  and  jewelry 

general,  are  kept  in  the  tight  hand  with  the 

ig  wire,  and  plunged  and  constantly  agi- 

:he  bath.     The  left  hand  holds  the  anode  of 

wire,  which  is  steeped  more  or  less  in  the 
icording  to  the  surface  of  the  articles  to  h? 

pieces  are  suspended  to  one  or  more  brass 
as  with  the  platinum  anode,  are  not  moved 

ilding  is  very  rapid,  and  a  sufficient  thick- 
3tained  after  a  few  minutes, 
lade  of  the  gold  deposit  is  modified  by  dip- 
platinum  anode  more  or  less  into  the  liquor. 
I  but  a  little,  relatively  to  the  surface  of  the 
the  Riding  is  pale;  by  immersing  it  more 
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and  more,  the  shade  will  become  deeper  and  deeper, 
until  it  is  red. 

It  is  useless  to  say  that  the  platinum  anode  is  con- 
nected by  a  conducting  wire  to  the  positive  pole  of 
the  battery,  and  that  the  conducting  wire  starting 
from  the  negative  pole  touches  or  supports  the  arti- 
cles to  be  gilt. 

Generally,  gilders  of  small  jewelry  nearly  exhaust 
their  baths ;  and  as  soon  as  they  cease  to  give  satis- 
factory results,  make  a  new  one,  and  keep  the  old 
bath  for  colored  golds,  as  shall  be  explained  further 
on,  or  for  beginning  the  gilding  of  articles  which  are 
scratch-brushed  and  then  finished  in  a  fresh  bath. 
On  the  contrary,  those  who  gild  large  pieces  maintain 
the  strength  of  their  baths  by  successive  additions 
of  chloride  of  gold,  or,  what  is  better,  of  equal  parts  of 
gold  ammonium  and  pure  cyanide  of  potassium.  In 
this  manner  baths  may  be  made  to  last  a  long  time, 
but  they  are  open  to  the  inconvenience  of  furnishing 
a  red  or  green  gilding,  if  many  articles  of  copper  or 
of  silver  have  been  gilt  in  them. 

As  a  general  rule,  it  is  preferable  to  replace  the 
fmpoverished  baths  by  fresh  ones,  instead  of  keeping 
up  their  strength  by  additions  of  metal. 

The  articles  of  copper  or  its  alloys  should  be  per- 
fectly cleansed,  and,  according  to  the  judgment  of  the 
operator,  will  be  passed  or  not,  through  a  very  diluted 
solution  of  nitrate  of  binoxide  of  mercury.  Silver 
requires  to  be  heated,  dipped,  and  perfectly  scratch- 
brushed.  For  this  latter  metal,  the  gilding  should 
be  strong,  in  order  to  prevent  the  comers  and  raised 
parts  from  soon  becoming  white  and  bare ;  and,  when 
practicable,  a  good  precaution  will  be  to  give  it  a 
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lopper  or  brass,  or  at  least  a  first  gilding  in 
ith. 

Second  Formula. 
bate  of  soda 
ihit«  of  Bodft 
looate  of  potaBsa 
c  potassa 
do  of  potassium 
[old  for  neutral  chloride 
ir  distilled  water 

e  substances  except  the  chloride  of  gold  may 
ved  together,  and  filtered  if  necessary ;  then 
ion  of  the  chloride  of  gold  is  added.  This 
eated  at  from  50"  to  60*"  C,  and  produces  a 
!  gilding,  but  it  requires  quite  an  intense 
surrent.  It  does  not  suit  for  the  direct  gild- 
on  or  steel. 


Third  Formvla. 

r  prnssiate  of  potasaa 
Qateof  potassa,  pure 
ichlorate  of  ammonia 

150  grammes 
50        » 
30 

[Old  for  neutral  chloride    . 

10        " 
5 -litres. 

st  three  salts  are  dissolved  in  hot  water,  and 
ion  filtered  ;  after  cooling,  the  gold  solution 
,  and  the  whole  brought  again  to  a  boil  for 
lOur,  taking  care  to  replace  the  evaporated 


Fourth  Formula. 


le  of  potassium,  pure 
tor  neutral  chloride     . 


ve  the  chloride  of  gold  in  the  whole  of  the 
id  add  the  cyanide  which  becomes  dissolved 
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and  makes  the  liquor  colorless.  This  bath  may  be 
employed  almost  without  regard  to  temperature,  and 
its  simple  formula  should  render  it  preferable  to  all 
others,  were  it  not  that  it  is  not  uniform  in  its  work- 
ing.  This  bath  is  especially  open  to  the  objection  of 
ungilding  one  face  of  the  object  while  the  other  face 
becomes  gilt,  or  of  producing  a  red  gilding  at  the 
bottom  and  a  yellow  one  at  the  top.  This  inconve- 
nience, and  several  others,  will  partly  disappear  by  a 
long  ebullition. 

The  first  formula  alone  suits  for  the  direct  gilding 
of  wrought  iron,  polished  cast  iron,  and  steel.  The 
gilding  obtained  with  the  other  receipts  upon  these 
metals  does  not  adhere  well,  and  sometimes  not  at  all. 

For  gilding  polished  steel  without  the  interposition 
of  copper,  it  will  be  well,  as  we  have  already  said,  to 
diminish  by  one-half  the  proportion  of  cyanide  indi- 
cated in  the  first  formula;  we  will  therefore  employ  5 
grammes  of  cyanide  for  10  of  gold. 

The  articles  of  steel,  after  cleansing  by  alkalies,  are 
rapidly  passed  through  a  very  diluted  solution  of 
hydrochloric  acid,  wiped  off  when  practicable,  and 
dipped  into  a  very  hot  bath  with  an  intense  galvanic 
current  at  the  beginning,  which  is  gradually  dimin- 
ished afterwards  by  partly  withdrawing  the  platinum 
anode. 

Small  articles  of  steel,  such  as  pens,  watch  hands, 
etc.,  are  threaded  upon  a  thin  brass  wire,  and  sepa- 
rated one  from  the  other  by  glass  beads.  After  clean- 
sing, they  are  put  into  the  boiling  bath,  rinsed,  and 
dried  and  polished  in  hot  and  dry  sawdust. 
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Al  OBSERYATIONS  UPON"  HOT  ELKCTBO- 
OILDING. 

:e  cold,  baths  may  be  more  concentrated, 
I  eay,  the  quantity  of  water  may  be  di- 
vritbout  changing  the  proportions  of  the 
jf  the  gold.  But  I  have  always  found  it 
in  practice,  to  use  diluted  solutions,  which 
metal  in  smaller  quantity,  in  a  given  time, 
.  better  aggregation  of  its  molecules. 
of  suspending  the  articles  in  a  state  of 
1  in  the  hot  baths,  they  should,  as  far  as 
!,  be  kept  in  constant  agitation.  In  this 
lere  is  no  difference  of  speciBc  gravity 
e  layers  of  the  liquor,  and  the  gildiug 
m  uniform  color. 

le  anode  of  gold  is  rarely  employed  when 
ding  by  the  aid  of  heat;  a  foil  or  a  wire  of 
is  preferred,  and  rightly  so,  since  it  is  not 
and  is  more  handy  for  regulating  the  iu- 
the  current,  by  immersing  it  more  or  less 
[quid.  This  anode  allows,  with  the  same 
battery,  the  deposit  of  gold  with  three 
lades :  a  pale  color,  with  the  anode  dipping 
.y ;  a  yellow  color,  when  the  immersion  is 
nd  a  red  gold,  if  the  whole  anode  is  in  the 
['hese  various  shades  are  simply  due  to 
lodes  of  aggregation  of  the  gold  molecules, 
phenomenon  is  the  more  striking  as  we 
th  baths  holding  alloys.  Thus,  for  instance, 
of  pink  gold,  composed  of  gold,  copper, 
,  we  may  at  will,  and  by  increasing  or 
ig  the  length  of  the  platinum  anode  in  the 
>art  to  the  deposit  a  white,  yellow,  or  red 
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shade,  since  the  various  metals  require  for  their 
reduction  different  degrees  of  intensity  in  the  gal- 
vanic current. 

Therefore,  with  hot  electro-gilding  baths,  and  es- 
pecially with  small  articles,  a  skillful  operator  will 
keep  them  with  his  right  hand  constantly  moving  in 
the  liquid,  while  the  left  hand  is  employed  in  chang- 
ing the  position  of  the  platinum  anode,  so  as  to  suit 
the  surface  and  the  nature  of  the  articles,  and  obtain 
the  desired  shade. 

All  the  hot  electro-gilding  baths  may  have  their 
strength  maintained  by  successive  additions  of  chlo- 
ride of  gold  with  a  proper  proportion  of  the  other 
salts ;  but  we  soon  ascertain  that  with  the  increasing 
density  of  the  liquid,  the  results  become  inferior,  and 
that  it  is  preferable  to  wear  out  the  bath  entirely  and 
to  prepare  a  new  one. 

"WTien  a  bath  becomes  exhausted,  the  gilding  is 
red  if  much  copper  has  been  gilt  in  it,  and  green  in 
the  case  of  silver  articles.  It  may  be  used  then  for 
a  first  coat  upon  objects  which  are  finished  in  a  new 
bath. 

Electro-gilding,  either  by  the  cold  or  hot  method, 
may  present  many  different  colorations  due  some- 
times, as  already  said,  to  different  modes  of  molecular 
aggregation,  but  oftener  to  the  alloy  of  other  metals 

» 

with  gold.  Thus  green  or  white  golds  result  from 
the  simultaneous  deposit  of  gold  and  silver  in  various 
proportions ;  red  gold  from  the  alloy  of  copper  and 
gold ;  and  pink  gold  from  the  combination  of  gold, 
silver,  and  copper. 
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Green  and  White  Golds. 
It  18  sufficient,  until  the  desired  shade  is  ob- 
tained,  to  add  to  one  of  the  above  baths  a  solution 
of  the  double  cyanide  of  silver  and  potassium  or  a 
diluted  solution  of  nitrate  of  silver.  The  tints  will 
vary  from  a  leek  green  to  a  very  pale  whitish-yellow. 
This  kind  of  gilding  mixed  upon  the  same  articles 
with  red,  yellow,  or  pink  gold,  will  produce  splendid 
effects  of  contrast,  especially  upon  chased  parts,  where 
the  green  gold  has  a  velvety  lustre. 

Med  Gold 
Is  obtained  by  mixing  in  suitable  proportions  the 
electro-copper  bath  already  described  with  one  of 
the  baths  for  electro-gilding.  We  may  also  use  an 
old  bath  in  which  a  great  many  copper  articles  have 
been  gilt,  and  use  a  quite  intense  current  of  elec- 
tricity. Yellow  gilding  may  be  made  to  pass  to  red, 
by  heating  it  after  it  has  been  covered  with  a  paste  of 
acetate  of  copper,  cream  of  tartar,  and  common  salt, 
called  gre&i  for  red  by  old  gilders  (see  this  term  in 
the  chapter  on  Chemical  Peoducts  at  the  end  of 
this  work).  The  heated  piece  is  plunged  into  a 
weak  solution  of  sulphuric  acid,  and  carefully  scratch- 
brushed  afterwards. 

Pink  Gold  or  JVewj  Gold. 
This  kind  of  gilding  requires  many  precautions, 
and  is  the  most  difficult  to  obtain,  not  only  on  account 
of  the  different  tendency  of  the  various  metals  to 
galvanic  decomposition,  but  also  because  the  jewellers 
disagree  as  to  the  proper  shade.  The  gilder  should 
expect  trouble  on  that  account,  since  he  will  have  to 
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vary  the  shade  for  each  customer,  some  preferring  a 
gilding  slightly  yellower,  and  others  redder  or  whiter. 
In  our  opinion,  pink  gilding,  to  be  perfect,  should 
present  at  the  same  time  the  red,  yellow,  and  white 
shades,  in  such  a  manner  that  a  practised  eye  will 
distinguish  them.  It  is  impossible  to  describe  the 
effect  produced  by  these  mixed  tints,  which  can  be 
remembered  only  after  having  been  seen. 

Some  time  ago,  the  various  shades  of  pink  were 
obtained  by  gilding  in  the  following  bath  at  different 
temperatures,  and  under  currents  of  variable  inten- 
sity, the  articles  already  yellow  gilt  by  battery  or  by 
dipping.    This  bath  was  composed  of — 

New  silver  bath 1  part 

New  gold  bath  (hot  gilding)    •        ...      25  parts 
New  copper  bath 16    " 

This  formula,  contained  in  the  first  edition  of  this 
work,  possesses  no  regularity  in  the  working,  and 
may  give  to  a  first  batch  of  articles  a  white  color,  to 
the  second  a  red  gilding,  and  to  the  third  a  dull,  dark 
shade. 

At  the  present  time  we  use  the  following  me- 
thods : — 

The  articles  are  first  gilt  yellow  by  the  formula  of 
the  pyrophosphate  bath  for  dipping,  or  by  that  of  the 
hot  electro-bath.  Then,  without  drying,  but  keeping 
them  in  fresh  water,  small  lots  or  packages  are  made 
weighing  from  30  to  50  grammes  each,  which  are 
lightly  passed  through  the  mercurial  solution,  and 
then  red  gilt  in  an  old  and  hot  bath  (where  a  great 
deal  of  copper  has  already  been  gilt),  or  in  a  new 
bath  composed  of  ten  parts  of  hot  electro-gilding 
bath  (first  formula,  Chapter  XX.),  and  three  to  four 


PIKK  GK>LD   OB  NEW  GOLD.  165 

parts  of  the  coppering  solution  (first  formula,  with 
battery,  Chapter  IX.). 

According  as  the  electric  current  is  more  or  less 
intense,  so  is  the  gilding  more  or  less  red.  For 
imparting  to  it  the  whitish  tint  of  many  articles  gilt 
by  stirring  and  of  the  gold  alloy  for  jewelry  con- 
trolled by  law,  the  red  gilding  is  passed  through  a 
boiling  and  nearly  exhausted  bath  of  pyrophosphate, 
to  which  has  been  added  one-tenth,  or  a  twentieth, 
or  a  thirtieth  of  its  volume  of  a  silver  bath,  or  simply 
a  few  drops  of  a  concentrated  solution  of  nitrate  of 
silver.  A  few  gilders  simply  pass  their  red  gilding 
through  a  cold  silver  bath  by  dipping.  In  whatever 
manner  we  operate,  a  blush  of  silver  is  deposited 
upon,  and  whitens  more  or  less,  the  red  gilding. 

This  gilding  should  be  scratch-brushed,  or,  pre- 
ferably, burnished,  and  it  then  imitates  the  gilding 
by  mercury  or  alloyed  gold.  It  may  be  chased,  but 
then  the  lustre  soon  disappears,  on  account  of  the 
proportion  of  copper. 

When  we  miss  the  proper  pink  gilding,  which 
often  happens,  it  is  sufficient  to  plunge  the  articles 
for  a  few  seconds  into  a  mixture  of  five  parts  of  sul- 
phuric acid  to  one  of  nitric  acid.  The  copper  and 
silver  are  dissolved,  and  the  yellow  gilding  reappears, 
upon  which  the  operation  may  be  begun  anew. 

KoTS. — Besides  the  variations  of  color  in  gilding  due  to  the 
dipping-  of  the  anodes  more  or  less  into  the  bath,  and  to  the 
strength  of  the  electrie  current,  A.  Watt  says  that  ^^  moving  the 
articles  about  in  the  bath  will  at  all  times  enable  the  operator  to 
vary  the  color  of  the  deposit  from  pale  straw  yellow  to  a  very 
dark  red.  The  temperature  of  the  solution  likewise  influences  the 
color  of  the  deposit,  the  color  being  lightest  when  the  solution  is 
cold,  and  gradually  becoming  darker  as  the  temperature  increases." 
— 2Vaiu. 
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CHAPTER  XXL 

GILDING  WATCH  PARTS,  AND  OTHER  SMALL  ARTIOLBS 

FOR  WATCHMAKERS. 

CHlding  Watch  Parts,  and  other  small  Articles  for 

Watchmakers.  • 

This  kind  of  gilding,  which  was  for  a  long  time  a 
monopoly  in  Switzerland,  is  applied  on  a  large  scale 
in  France  only  in  the  departments  of  Doubs  and  Jura, 
and  especially  at  Besan^on  and  at  Morez  in  Jura. 
As  several  gilders  of  Paris  begin  to  employ  it  quite 
successfully,  I  think  that  it  is  proper  to  devote  a 
special  chapter  to  the  subject,  and  to  thank  at  the 
same  time  M.  Pinaire,  gilder  at  Besan^on,  who,  with  a 
rare  disinterestedness  and  liberality,  not  only  imparted 
to  me  all  of  the  processes,  secrets,  etc.,  employed  in 
his  own  works,  but  also  allowed  me  to  publish  them. 

In  the  gilding  of  watch  parts,  and  other  small 
articles  for  watchmakers,  gold  is  seldom  directly 
applied  upon  the  copper.  In  the  majority  of  cases^ 
there  is  a  preliminary  operation,  called  graining^  by 
which  a  very  agreeable  grained,  and  slightly  dead, 
appearance  is  given  to  the  articles.  If  we  examine 
carefully  the  inside  of  a  watch,  we  will  see  the 
peculiar  pointed  dead  lustre  of  the  parts. 

This  peculiar  bright  dead  lustre,  if  I  may  so  ex- 
press myself,  is  totally  different  from  what  we  have 
already  mentioned.  For  instance,  it  does  not  resem- 
ble the  dead  lustre  obtained  by  slow  and  thick  electro- 
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ts  of  gold,  silver,  or  copper,  which  is  coarser 
tiler  than  that  of  watch  parts.  Neither  does  it 
)Ie  the  dead  lustre  obtained  with  the  compound 
which  is  the  result  of  a  multitude  of  small 
brmed  by  the  action  of  the  acids ;  whereas  the 
d  dead  lustre  is  formed  by  the  juxtaposition, 
I  previously  even  surface,  of  a  quantity  of  more 
large  grains,  always  in  relief, 
graining  may  be  produced  by  different  methods, 
[>on  gold,  platinum,  and  silver ;  and  since  the 
metal  is  that  preferred,  we  shall  describe  the 
8  applied  to  it 

}  kind  of  gilding  requires  the  following  succee- 
jerations : — 

^reparation  of  the  Watch  Parts. — Coming  from 
inds  of  the  watchmaker,  they  preserve  the 
of  the  file,  which  are  obliterated  by  a  rubbing 
I  wet  stone,  and  lastly  upon  an  oilstone, 
^he  oil  or  grease  which  soils  them  is  removed 
ling  the  watch  parts,  for  a  few  minutes,  in  an 
le  solution  made  of  one  hundred  parts  of  water 
D  of  caustic  soda  or  potassa,  and  rinsing  them 
.n  water,  which  should  wet  them  entirely  if  all 
has  been  removed.  The  articles  are  threaded 
k  brass  wire. 

L  few  gilders  then  cleanse  them  rapidly  in  the 
und  acids  for  a  bright  lustre;  others  simply 
am  carefully  in  sawdust  from  white  wood. 
Tolding  the  Parts. — The  parts  thus  prepared  are 
id,  by  means  of  brass  pins  with  flat  heads,  upon 
jn  side  of  a  block  of  cork  (Fig.  65).  A  few 
Drs  have  lately  substituted  gutta-percha  for 
lut  this  method  does  not  appear  to  have  given 
esults,  since  it  has  not  become  popular. 
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5.  The  parts  thus  held   upon  the  cork  are  tho- 
roughly nibbed  over  with  a  brush,  entirely  free  from 

Fig.  66. 


fatty  matters,  and  charged  with  a  paste  of  water 
and  of  the  finest  pumice-stone  powder.  The  brush 
is  made  to  move  iu  circles,  in  order  not  to  abrade  one 
side  more  than  the  other.  The  whole  is  thoroughly- 
rinsed  in  clean  water,  and  no  particle  of  pumice  dust 
should  remain  upon  the  pieces  or  the  cork. 

6.  Afterwards,  we  plunge  cork  and  all  into  a  weak 
mercurial  solution,  which  very  slightly  whitens  the 
copper,  and  is  composed  of — 

Water 10  litres. 

Nitrate  of  binoxide  of  mercury  ...  2  grammes. 

Sulphuric  acid 4         " 

The  pieces  are  simply  passed  through  the  solution, 
and  then  rinsed.  This  operation,  which  too  many 
gilders  neglect,  gives  strength  to  the  graining  which, 
without  it,  possesses  no  adherence,  especially  when 
the  watch  parts  are  made  of  white  maillechort  dig^- 
fied  by  the  name  of  nickel  by  watchmakers,  or  when 
the  cuvettes  contain  tin  in  their  composition. 

7.  Chaining. — In  this  state,  the  parts  are  ready  for 
the  graining,  that  is  to  say,  a  silvering  made  in  a  par- 
ticular manner. 
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Nothing  is  more  variable  than  the  composition  of 
the  graining  powders ;  and  it  may  be  said  that  each 
gilder  has  his  own  formula,  according  to  the  desired 
fineness  of  the  grain. 

Here  are  the  formulae  which  I  have  seeij  used  in 
the  works  of  M,  Pinaire : — 

Silver  in  impalpable  powder'*'       •        •  30  grammes. 

Bitartrate  of  potassa  (cream  of  tartar) 
finely  pulverized  and  passed  through 
a  silk  sieve 300         '^ 

Chloride  of  sodium  (common  salt)  pul- 
verized and  sifted  as  above        .        •  I  kilogramme. 

*  The  silver  powder  is  obtained  by  immersing  cleansed  copper 
plates  in  a  very  diluted  solution  of  nitrate  of  silver  made  with  dis- 
tilled water.  The  more  diluted  the  solution  is,  the  finer  is  the  kind 
of  moss  of  silver  precipitated  upon  the  copper,  and  the  more  easily 
it  is  removed.  The  operation  is  generally  conducted  as  follows : 
In  a  suitable  vessel  of  glass  or  porcelain,  20  grammes  of  crystal- 
lized nitrate  o^  silver  are  dissolved  in  10  litres  of  distilled  water, 
and  five  or  six  bands  of  cleansed  copper  2  centimetres  wide  are 
plunged  into  it.  These  bands  should  be  long  enough  to  allow  of 
a  portion  being  above  the  liquid. 

The  whole  is  kept  for  twenty-four  hours  in  a  dark  place,  and 
the  liquid  is  now  and  then  stirred  with  the  copper  bands.  This 
motion  is  sufficient  to  loosen  the  deposited  silver,  and  present 
fresh  copper  surfaces  to  the  action  of  the  liquor. 

When  no  more  silver  becomes  attached  to  the  copper,  the  ope- 
ration is  completed,  and  there  remains  a  blue  solution  of  nitrate 
of  copper. 

The  silver  powder  is  washed  either  by  decantation,  or  upon  a 
filter,  until  there  remains  nothing  of  the  copper  solution.  Lastly, 
another  washing  is  had  with  distilled  water,  and  the  silver  pow- 
cler  is  carefully  dried,  that  is  to  say,  by  avoiding  contact  with 
bard  bodies,  which  may  render  the  powder  compact  and  produce 
a  sort  of  cohesion  of  the  molecules  which  is  injurious  for  the 
further  graining. 

At  the  present  time,  the  majority  of  operators,  instead  of  pre- 
paring their  graining  silver,  prefer  buying  the  Nuremberg  powder 


1 


170  GALVANOPLASTIC  MANIPUIiATIONS. 

Aru>{her. 

Silver  powder.     .......  30  grammes. 

Cream  of  tartar  ....      120  to  150        " 

Common  salt  (white  and  clean)  .        .        400         '^ 

Another. 

Silver  po'wder 30  grammes. 

Cream  of  tartar 100        " 

Common  salt  (clean  and  white)  .  1  kilogramme* 

All  of  these  substances  should  be  as  pure  as  possi- 
ble, and  perfectly  dry.  Cream  of  tartar  is  generally 
dry ;  but  common  salt  often  needs,  before  or  after  it 
has  been  pulverized,  a  thorough  desiccation  in  a  por- 
celain or  silver  dish  in  which  it  is  kept  stirred  with 
a  glass  rod  or  a  silver  spoon. 

The  mixture  of  the  three  substances  must  be  tho- 
rough, and  effected  at  a  moderate  and  protracted 
heat. 

The  graining  is  the  coarser  as  there  is  more  com- 
mon salt  in  the  mixture;  and  conversely,  it  is  the 
finer  and  more  condensed  as  the  proportion  of  cream 
of  tartar  is  greater,  but  it  is  then  more  difficult  to 
scratch-brush. 

8.  The  Graining  proper. — ^This  operation  is  effected 
as  follows :  A  thin  paste  of  one  of  the  above  mixtures 
with  water  is  spread  by  means  of  a  spatula  upon  the 
watch  parts  held  upon  the  cork.     The  cork  itself  is 

which  is  produced  by  grinding  a  mixtare  of  honey  and  Bilver  foil 
with  a  muUer  upon  a  ground  glass  plate  until  the  proper  fineness 
is  obtained.  The  silver  is  separated  by  dissolving  the  honey  in 
boiling  water,  and  washing  the  deposited  metal  in  a  filter,  until 
there  is  no  remaining  trace  of  honey.  The  silver  is  then  carefully 
dried  at  a  gentle  heat. 

This  silver,  like  bronze  powders,  is  sold  in  small  packages 
weighing  a  German  ounce,  that  is  to  say,  about  29  grammes. 
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upon  an  earthenware  dish,  to  which  a  move- 
of  rotation  is  imparted  by  the  left  hand.    An 
brush   (Fig.  66),  with  close  bristles,  is  held 
e  right  hand,  and  rubs  the 
1  parts   in   every  direction,  Fig.  66. 

ilways  with  a  rotary  motion. 
w  quantity  of  the  paste  is 
I  two  or  three  times,  and  nib- 
a  the  manner  indicated.  The 
we  turn  the  brush  and  the  cork,  the  rounder 
aes  the  grain,  which  is  a  good  quality ;  and  the 
paste  we  add,  the  larger  the  grain. 
B  watchmakers  generally  require  a  fine  grain, 
lar  at  its  base,  pointed  at  its  apex,  and  close, 
3  to  say,  a  multitude  of  juxtaposed  small  cones, 
ger  grain  may,  however,  have  a  better  appear- 
but  this  depends  on  the  nature  and  the  size  of 
•ticles  to  be  grained. 

When  the  desired  grain  is  obtained,  the  watch 
are  washed  and  then  scratoh-brushcd. 
rire  brushes  employed  also  come  from  *^'8*  ^^" 
mberg,  and  are  made  of  brass  wires 
e  as  hair  (Fig.  67).  As  these  wires 
jry  stiflf  and  springy,  they  will,  when 
ind  and  turn  in  eyeiy  direction,  and 
I'k  can  be  done  with  them.  It  is  there- 
ibsolutely  necessary  to  anneal  them 
or  less  upon  an  even  fire.  An  intel- 
:  worker  has  always  three  scratch- 
es, annealed  to  different  degrees :  one 
1  is  half  soft,  or  half  annealed,  for  the 
peration  of  uncovering  the  grain;  one 
r,  or  little  annealed,  for  bringing  up 
atre ;  and  one  very  soft,  or  fully  annealed,  used 
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before  gilding  for  removing  the  erasures  which  may 
have  been  made  by  the  preceding  tool,  and  for  scratch- 
brushing  after  the  gilding.  Of  course,  the  scratch- 
brushing  operation,  like  the  graining  proper,  must  be 
done  by  striking  circles,  and  giving  a  rotary  motion 
between  the  fingers  to  the  tool.  The  cork  is  also, 
now  and  then,  made  to  revolve.  After  a  good  scratch- 
brushing,  the  grain,  seen  through  a  magnifier,  should 
be  regular,  homogeneous,  and  with  an  equal  lustre  all 
over.  Decoctions  of  liquorice,  saponaire,  or  Panama 
wood  are  employed  in  this  operation. 

It  frequently  happens  that  the  same  watch  part  is 
composed  of  copper  and  steel,  and  this  latter  metal 
requires  to  be  preserved  against  the  action  of  the 
cleansing  acids  and  of  the  graining  mixture,  by  a 
composition  which  we  call  resisty  by  analogy  with  the 
same  term  employed  by  dyers  and  calico-printers  for 
similar  purposes. 

This  preparation  consists  in  covering  the  pinions 
and  other  steel  parts  with  a  fatty  composition,  which 
is  sufficiently  hard  to  resist  the  tearing  action  of  the 
bristle  and  wire  brushes,  and  sufficiently  insoluble 
in  the  alkalies  of  the  gilding  bath. 

Here  is  the  formula  of  this  composition  or  resist : — 

YeUow  wax    .        .        .        .        .        •  60  grammes 

TransluceDt  colophony  ....  100        ^^ 

Red  sealing-wax  (extra  fine)  ...  40        ^^ 
Impalpable  peroxide  of  iron   (English 

polishing  rouge)  ....  30        ^^ 

The  colophony  and  sealing-wax  are  melted  in  a 
porcelain  dish  upon  a  water-bath,  and  the  yellow  wax 
added  afterwards.  When  the  whole  is  thoroughly 
fluid,  the  English  rouge  is  gradually  added  and  stirred 
in  the  mass  with  a  wooden  or  glass  rod.     The  fire  is 
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* 

withdrawn,  but  the  stirring  should  be  continued  until 
the  mixture  becomes  solid,  otherwise  all  the  oxide  of 
iron  will  fall  on  to  the  bottom  of  the  dish. 

The  flat  parts  which  will  receive  this  resist  are 
slightly  heated,  and  then  covered  with  the  above 
mixture,  which  melts  and  is  easily  spread.  For 
covering  steel  pinions,  which  generally  form  a  raised 
cylinder  upon  the  gear,  we  employ  a  small  gouge  of 
copper  or  brass  fixed  to  a  wooden  handle  (Fig.  68), 
and  which  resembles  a  pen-holder.  The  metallic  part 
of  the  gouge  is  heated  upon  an  alcohol  lamp, 
and  a  small  quantity  of  resist  is  taken  with  Fig.  68. 
it.  The  composition  soon  melts,  and,  by 
turning  the  tool  around  the  steel  pinion, 
this  becomes  coated.  Before  fastening  the 
pinion  upon  the  cork,  a  small  cavity  has 
been  dug  in  the  latter,  and  where  the  pinion 
rests.  The  remainder  of  the  operation  is 
conducted  as  with  the  other  watch  parts. 
Ifevertheless  it  is  prudent  to  use  a  scratch- 
brush  with  long  wires,  as  their  flexibility 
prevents  the  removal  of  the  composition. 
When,  after  gilding,  the  resist  is  to  be  removed,  we 
plunge  the  parts  into  warm  oil,  or  into  tepid  benzine 
or  turpentine,  then  into  a  very  hot  soap  water  or  alka- 
line solution,  and  lastly  into  fresh  water.  Scratch- 
brushing  and  drying  in  warm  sawdust  of  white  wood 
terminates  the  operation. 

The  holes  of  the  pinions  are  cleaned  and  polished 
with  small  pieces  of  very  soft  white  wood,  the  friction 
of  which  is  sufficient  to  restore  the  primitive  lustre. 

The  gilding  of  those  parts  composed  of  copper  and 
steel  requires  the  greatest  care,  since  the  slightest 
rust  destroys  their  future  usefulness.     Should  some 
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gold  have  become  deposited  upon  the  steel,  it  should 
be  removed  by  rubbing  with  a  piece  of  wood  and 
impalpable  pumice  dust,  tin  putty,  or  English  rouge. 

10.  Oilding. — After  the  series  of  preparations 
which  we  have  described,  we  come  at  last  to  the  gild- 
ing, which  may  be  effected  by  some  of  the  processes 
already  indicated.  Hot  baths,  of  course,  should  not 
be  employed  for  those  pieces  covered  with  the  resist. 
I  shall,  nevertheless,  indicate  and  recommend  the 
formula  which  I  have  seen  employed  at  Besanfon, 
and  which  gives  good  results. 

Four  grammes  of  finely  laminated  and  pure  gold 
are  heated  in  order  to  destroy  all  organic  substance, 
and  then  dissolved  in  a  glass  flask  with  six  grammes 
of  pure  nitric  acid,  and  twelve  grammes  of  pure 
hydrochloric  acid.  "When  the  gold  is  dissolved,  and 
the  excess  of  acids  is  evaporated,  leaving  in  the  flask 
a  nearly  syrupy  dark-red  liquid,  the  whole  is  removed 
from  the  fire  and  allowed  to  cool.  Then  dissolve  the 
chloride  of  gold  in  fifty  or  sixty  grammes  of  distilled 
water,  and  pour  into  a  large  glass  vessel.  Dilute 
with  about  a  half  litre  of  distilled  water,  and  pour 
into  the  liquor  a  certain  excess  of  pure  ammonia, 
which  precipitates  the  gold  in  the  state  of  a  yellow 
powder  of  ammoniuret  of  gold,  or  fulminate  of  gold, 
which  is  highly  detonating  when  dry.  "We  ascertain 
that  the  proportion  of  ammonia  is  sufi&cient,  when  a 
new  quantity  of  this  reagent,  being  added  to  the  clear 
liquid  above  the  settled  powder,  does  not  produce 
any  new  turbidity  or  precipitate.  The  clear  liquor  is 
decanted  and  kept  among  the  saved  waste.  The 
settled  powder  is  then  collected  upon  a  small  filter, 
previously  wetted  with  distilled  water,  and  there 
washed  with  distilled  water  until  all  ammoniacal 
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smell  has  disappeared.  The  filter  and  its  contents 
are  afterwards  put  into  a  glass  or  porcelain  vessel 
with  one  litre  of  distilled  water  and  twelve  grammes 
of  pure  cyanide  of  potassium,  which  rapidly  dissolves 
the  gold  and  leaves  the  filter.  The  whole  is  filtered 
anew,  boiled  for  fifteen  to  twenty  minutes,  filtered 
again,  and  left  to  cool.  The  bath  obtained  is  excel- 
lent for  gilding  the  most  delicate  watch  parts,  under 
the  influence  of  an  electric  current  regulated  to  suit 
the  surfaces  to  be  gilt. 

This  bath,  or  these  baths,  since  every  gilder  pos- 
sesses several  of  them  of  various  degrees  of  exhaus- 
tion, are  generally  kept  in  glass  or  porcelain  vessels 
with  a  flat  bottom,  and  holding  from  four  to  five 
litres  within  a  depth  of  ten  to  twelve  centimetres. 
The  articles  to  be  gilt  are  suspended  to  metallic 
holders,  connected  with  the  zinc  pole  of  a  battery, 
and  of  a  shape  appropriate  to  the  nature  and  form  of 
the  watch  parts.  One  or  several  platinum  wires  are 
used  for  anodes,  and  are  disposed  in  the  centre  or  at 
the  circumference  of  the  bath. 

The  battery  most  generally  employed  by  gilders  of 
watch  parts  is  composed  of  three,  four,  five,  or  six 
small  DanielPs  elements.  Those  with  balloons,  on 
account  of  their  constancy,  should  be  preferred. 
The  batteries  of  Smee,  and  especially  those  of  Bun- 
sen,  Grove,  and  Archereau,  should  be  discarded,  on 
account  of  their  intensity,  which  may  result  in  too 
rapid  deposits.  Moreover,  they  are  wanting  in  con- 
stancy, and  their  production  of  acid  fumes  is  objec- 
tionable in  work-rooms  where  there  are  many  articles 
of  steel. 

,     The  slower  the  gold  deposit,  the  finer  and  more 
adherent  it  is.     When  the  operator  judges  that  the 
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coating  is  sufficient,  the  articles  are  washed  in  clean 
water,  and  fixed  again  upon  the  cork  plate  in  order 
to  proceed  to  the  last  scratch-brushing  with  a  decoc- 
tion of  liquorice,  of  the  bark  of  Panama  wood,  of 
horse  chestnut,  or  of  Egyptian  saponaria. 


CHAPTER  XXIL 


GILDING  THIN  WIRES. 


Oilding  Thin  Wires. 

Trait  is  the  French  name  of  a  thin  wire  of  gold, 
or  silver,  or  of  gilt  or  silvered  copper,  which  is  used 
for  the  manufacture  of  metallic  fringes  and  lace  for 
epaulets,  and  other  purposes. 

The  articles  manufactured  of  pure  gold  or  silver 
are  called  fine;  those  made  of  gilt  silver  are  half 
fine ;  and  those  composed  of  gilt  or  silvered  copper 
are/atec* 

There  is  also  the  truly  false,  which  is  nothing  but 
brass  wire,  the  color  of  which  imitates  gold. 

Formerly,  at  Lyons  and  in  certain  towns  of  Ger- 
many, the  copper  or  silver  wires  were  gilt  with  an 
amalgam,  that  is  to  say,  with  the  aid  of  fire  and  mer- 
cury. A  cylindrical  rod  of  copper  or  silver,  of 
variable  dimensions,  was  well  cleansed,  and  then 
covered  with  mercury  and  gold  foil,  or  with  gold 
amalgam.  The  whole  was  heated  upon  a  clear 
charcoal  fire,  in  order  to  evaporate  the  mercury ;  and 

*  At  the  present  time,  gilt  silver  is  fine;  gilt  copper  is  hal^ 
fine;  and  copper  or  brass  alone  is  false. 
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then  passed  through  draw  plates  of  steel,  for  the  large 
nambers,  and  of  ruby,  corundum,  or  diamond  for  the 
smaller  numbers.  This  process  was  open  to  the  dis- 
advantage of  haying  parts  of  the  wire  uncovered 
with  gold,  because  the  coat  of  the  latter  metal  was 
not  regular. 

At  the  present  time,  nearly  all  the  gilt  wire  manu- 
factiu*ed  in  Paris  and  Lyons  is  gilt  by  electricity, 
thanks  to  the  aid  of  intelligent  manufacturers  who 
have  spared  neither  time,  money,  nor  study. 

The  baths  and  the  batteries  are  the  same  as  those 
already  mentioned,  and  if  we  make  a  special  chapter 
of  this  subject,  it  is  because  we  have  found  out,  by 
experience,  that  the  success  of  the  operation  is  due 
to  a  certain  disposition  of  the  apparatus. 

We  shall  endeavor  clearly  to  explain  the  arrange- 
ment of  a  bath  for  gilding  thin  wires,  and  we  also 
rely,  upon  being  well  understood,  upon  a  careful 
examination  of  the  plates. 

Upon  a  brick  furnace  A  (Fig.  69),  which  may  be 
heated  either  with  solid  fuel  or  gas,  is  a  cast-iron 
enamelled  kettle  b,  for  holding  the  gold  bath.  This 
kettle  may  be  1  metre  in  length,  0.50  metre  wide, 
and  15  to  18  centimetres  deep.  As  the  fireplace 
may  be  lighted  or  not,  it  is  not  necessary  to  change 
the  kettle,  when  we  desire  the  bath  cold  or  warm. 
If  we  employ  gas  as  fuel,  the  burner  is  made  of  an 
elliptic  ring  with  numerous  jets  (twenty-five  or 
thirty)  attached  to  it. 

At  one  extremity  of  the  apparatus,  near  the  battery, 
are  two  wooden  trestles  o  supporting  an  iron  rod  which 
passes  through  a  certain  number  of  wooden  spools 
carrying  the  wire  to  be  gilt.  These  spools  may  turn 
freely  upon  the  rod,  and  the  unwound  wires,  before 
12 
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Fig.  69. 


plunging  into  the  bath,  are  pressed  against  a  copper 
or  brass  rod  D  connected  with  the  negative  (zinc) 
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pole  of  the  battery.  The  wires  are  therefore  con- 
nected with  this  same  pole. 

The  wires  penetrate  the  bath  to  about  two-thirds 
of  its  depth,  and  are  kept  stretched  by  a  system  of 
small  grooved  pulleys  b,  b  of  glass,  porcelain,  or 
ivory,  rolling  freely  upon  glass  or  ivory  axes,  them- 
selves maintained  near  the  bottom  by  supports 
screwed  on  the  top  edges  of  the  kettle. 

At  the  bottom  of  the  bath,  and  crossing  the  wires 
to  be  gilt,  are  two  or  more  platinum  wires  G,  g,  the 
vertical  branches  of  which  communicate  with  the 
positive  (carbon)  pole.  These  platinum  anodes 
must,  of  course,  have  no  point  of  contact  with  the 
wires  to  be  gilt.  Therefore,  these  two  kinds  of  wire 
represent,  in  the  bath,  the  two  poles  of  the  battery. 

At  the  other  end  of  the  apparatus  we  see  another 
series  of  wooden  spools  m,  upon  which  the  gilt  wire 
is  wound  up.  But  these  spools  are  fast  to  the  square 
iron  axis  which  traverses  them,  and  which  commu- 
nicates by  gearing  with  a  crank  moved  slowly  enough 
to  insure  a  good  gilding  to  the  wire,  during  its  pas- 
sage through  the  bath. 

After  being  gilt,  the  wires  are  rinsed  and  dried  in 
a  suitable  manner;  thus,  as  seen  in  Fig.  70,  they 
reach  two  wooden  bobbins  or  rollers  h,  h  revolving 
freely  upon  their  axes,  and  plunge  by  means  of 
grooved  rollers  into  the  first  trough  filled  with  a 
weak  solution  of  cyanide  of  potassium,  which  cleans 
and  brightens  the  gilding.  By  a  similar  disposition, 
they  pass  into  the  second  trough  filled  with  fresh 
water  frequently  renovated,  which  removes  the  salts 
they  have  carried  with  them.  The  drying  rollers  k: 
are  covered  with  several  layers  of  calico,  and  move 
by  gear  in  opposite  directions.    As  a  last  precaution. 
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Pig.  70. 


the  wires  are  completely  dried  in  a  flat  tube  l,  main-' 
tained  at  a  dull  red  heat  in  the  furnace  l'. 
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In  a  kettle  of  the  size  indicated  above,  twenty  wires 
may  be  gilt  at  the  same  time.  The  copper  wires  to 
be  gilt  are  generally  silvered  previously  and  passed 
once  through  a  draw  plate,  in  order  to  avoid  the 
cleansing  process  before  gilding. 

The  more  intense  the  battery,  or  the  slower  the 
passage  of  the  wires  through  the  bath,  so  will  the 
deposit  of  gold  be  increased;  and  in  order  not  to 
make  mistakes,  it  will  be  well  to  weigh  the  bobbins 
before  and  after  the  operation.  In  such  case,  the 
extreme  spools  for  winding  up  and  winding  out 
should  be  of  the  same  weight. 

This  kind  of  gilding  requires  a  constant  supervi- 
sion, either  for  uniting  the  broken  wires,  the  severed 
parts  of  which  may  touch  the  anodes  and  stop  the 
operation ;  or  for  regulating  the  intensity  of  the  bat- 
tery, which  being  too  powerful  or  too  weak,  will  cor- 
respondingly produce  a  red  or  green  gilding. 

The  baths  of  double  cyanide  of  gold  and  potassium 
are  employed  cold  or  slightly  tepid  (Chapter  XIX.). 

On  the  other  hand,  the  baths  with  phosphate  and 
bisulphite  of  soda  are  used  for  hot  electro-gilding, 
and  their  concentration  is  double,  i.  6.,  the  proportion 
of  water  is  one-half  of  that  indicated  (Chapter  XX.). 

As  the  platinum  anodes  do  not  make  up  for  the 
metallic  loss  of  the  bath,  it  is  necessary  frequently 
to  add  new  portions  of  metal  and  salts,  in  the  man- 
ner already  indicated. 

Pure  gold  wire  is  often  gilt,  in  order  to  impart  to 
it  a  more  uniform  and  a  deeper  shade. 

After  being  gilt,  the  wire  is  passed  through  the 
draw  plate  or  the  rollers,  whether  we  desire  to  keep 
it  round  or  make  it  flat.  With  the  draw  plate  it  is 
diminished  by  about  one-foiu*th  or  one-half  of  a  num- 
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ber,  simply  to  remove  the  dalness  of  the  deposit,  and 
bring  up  the  lustre.  When  the  gilt  wire  is  flattened 
between  the  rollers,  its  surface  is  bright  or  dull,  ac- 
cording to  the  state  of  the  surface  of  the  rollers. 

It  is  evident  that  silvering,  or  any  other  metallic 
electro-deposit  upon  thin  wires,  will  be  effected  in  a 
similar  manner. 


CHAPTER  XXIII. 

BESISTS. 

Sesists. 

When  we  desire  to  obtain  upon  the  same  object 
gildings  of  several  colors,  we  employ  resists,  gene- 
rally made  of  some  kind  of  varnish.  Thus,  after 
having  gilt  an  article  of  an  uniform  color,  red  or  green 
for  instance,  it  is  covered  with  a  fat  varnish  (made 
drying  by  the  addition  of  chromate  of  lead),  at  those 
places  which  we  desire  to  preserve  from,  or  resist  the 
action  of,  the  new  bath.  By  means  of  resists  and 
successive  baths,  we  are  enabled  to  obtain  five  or  six 
different  shades  upon  the  same  object. 

The  resist  varnishes  are  applied  with  a  brush  or 
pencil,  and  should  be  thoroughly  dried  in  a  stove 
before  we  plunge  the  object  into  another  solution. 
These  varnishes  may  be  colored  with  various  oxides 
or  colored  salts,  in  order  to  facilitate  their  use  upon 
those  places  which  should  be  sharply  delineated; 
chromate  of  lead  and  artificial  ultramarine  blue  are 
well  suited  for  the  purpose.  The  resist  varnishes  are 
also  employed  for  preserving  the  reverse  parts  of  artU 
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ichreceive  the  gildingonlyon  the  front  su 
the  operation  i^  finished,  the  resist  is  i 
i  by  a  washing,  first  with  essence  of  tn 
i  then  with  alcohol ;  and  these  liquids  m 
tgeously  replaced  by  gasoline,  benzine,  oi 
Che  latter  substance  results  from  the  di( 
coal  tar,  and  dissolves,  even  in  the  cold,  n 
fatty  and  resinous  bodies.  It  is  suffi< 
re  have  used  benzole,  to  wash  the  artic 
water,  and  then  to  dry  it  in  warm  sawdi 
i.  It  comes  out  perfectly  clean.  Such  i 
the  case  with  rectified  turpentine,  and 
:;  to  plunge  the  object  into  a  hot  alkalin 
rinse  and  dry  it  in  warm  sawdust. 


CHAPTER  XXIV. 

a  WITH  A  DBAD   LUSTRE — aiLDINO  BT 

[EROURT OILDHfG^    WITH    A  PARTLY  D 

XT  BRIGHT  LUSTRE. 

QUding  wiih  a  Dead  I/mire. 
that  we  have  said  relates  to  gilding  v 
lustre;  bnt  the  trade  often  requires  a 
md  sometimes  the  two  kinds  of  lustre 
le  piece. 

ag  with  a  dead  lustre  may  be  obtained  b; 
t  methods : — 

?  the  slow  deposit  of  a  large  proportii 
This  gilding  is  very  durable,  bnt  is  dul 
in  appearance.    Moreover  it  is  too  coatl 
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2.  By  acids;  that  is  to  say,  by  giving  a  dead 
lustre  to  the  metallic  surface,  before  gilding,  and  by 
the  processes  indicated  in  the  cleansing  operations. 
This  method  is  employed  only  for  small  articles,  or 
when  gilding  by  dipping,  Yarnishers,  however,  use 
it  for  bronze  articles,  or  large  embossed  work. 

3.  With  frosted  silver,  i.  e.  by  depositing  upon  the 
object  to  be  gilt  a  coat  of  frosted  silver  (by  processes 
soon  to  be  described),  and  then  gilding  in  a  good 
bath.  Unhappily  this  method  is  somewhat  expensive, 
and  the  burnished  parts  are  greenish.  Moreover  the 
intermediary  coat  of  silver  is  more  easily  blackened 
by  sulphur  fumes  than  gold. 

4.  By  copper,  t.  e.  by  depositing  in  a  solution  of 
sulphate  of  copper  decomposed  by  a  battery  a  gal- 
vanoplastic  coat  of  this  metal  which  possesses  a  pink 
dead  lustre.  The  whole  is  rapidly  passed  through 
the  compound  acids  for  a  bright  lustre,  and  the  mer- 
curial solution,  and  then  gilt  in  a  good  bath.  When 
the  dead  lustre  obtained  in  the  galvanoplastic  bath 
is  perfect,  the  compound  acids  may  be  dispensed 
with,  and  the  article  is  simply  plunged  into  the  mer- 
curial solution  before  it  is  gilt.  This  last  mode  of 
operation  is  generally  preferred  by  gilders.  This 
gilding  is  very  handsome  in  lustre  and  color.  The 
burnished  parts  will  be  red,  if  vinegar  or  soap-water 
be  employed ;  and  of  .a  fine  yellow  color,  if  the  bur- 
nishing tool  be  wetted  with  saliva,  a  decoction  of 
flaxseed,  of  Egyptian  saponaire,  or  of  marshmallow 
root.  We  shall  soon  indicate  (Chapter  XXV.),  the 
best  conditions  for  obtaining  a  fine  dead  lustre  with 
copper. 

If  the  deposit  of  gold  be  of  insufficient  thickncBs, 
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ill  blacken  sooner  or  later,  by  the  oxidization  of 
intermediary  coat  of  copper. 
.  Lastly,  the  dead  lustre  by  mercury.  It  is  the 
process  of  gilding  by  fire,  and  we  shall  describe 
resently,  since  it  furnishes  the  most  durable  pro- 
ts,  although  costly. 

QHding  by  Fire  or  Mercury. 
Jthough  we  have  chosen  this  chapter  on  dead 
re  gilding  for  describing  the  method  with  mercury, 
should  not  forget  that  we  may  also  produce  a 
;ht  lustre  with  mercury.  Before  the  introduction 
:he  galvanic  processes  into  the  arts,  there  were 
rly  as  many  sorts  of  gildings  as  at  the  present 
e;  but  their  cost  was  greater,  the  operation  was 
«  difficult,  and  the  worker  was  constantly  ex- 
ed  to  the  deleterious  fumes  of  mercury.  "We 
it  also  acknowledge  that  the  products  were,  and 
1  are,  superior  as  regards  durability,  if  not  in 
earance. 

[ercury  gilding  may  furnish  gold  with  a  bright 
I  dead  lustre,  scratch-brushed,  or-moulued,  and 
3  different  shades.  Therefore,  the  reader  will  not 
aider  it  out  of  place  that  we  should  indicate  the 
:reDt  modes  of  operation. 

'he  amalgam  of  gold  is  prepared  in  the  manner 
bribed  in  the  process  of  gilding  by  stirring  (Ohap- 
XVI.),  only  a  little  less  mercury  is  used,  in  order 
bave  an  amalgam  about  as  hard  as  wax.  This 
Jgam  is  crystalline,  and  a  certain  crakling  sound 
eard  when  we  crush  the  crystals  between  the  fin- 
I.  A  certain  stock  of  amalgam  is  generally  pre- 
id  in  advance,  and  it  is  divided  into  small  balls  of 
rly  equal  size,  the  value  of  which  is  ascertained 
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from  their  number,  and  from  the  total  weight  of  gold 
employed.  Thus,  if  ten  small  balls  contain  altogether 
6  grammes  of  gold,  each  ball  will  hold  0.5  gramme 
of  precious  metal.  These  balls  are  kept  in  water,  but 
they  should  not  remain  too  long  without  being  used, 
because  the  phenomenon  of  liquation  takes  place,  and 
the  different  parts  do  not  present  the  same  composi- 
tion. 

When  using  the  amalgam,  it  is  spread  with  the 
finger  upon  a  flat,  hard  stone,  called  the  gilding  stonej 
and  haying  dipped  a  scratch-brush  of  stout  brass  wire 
into  a  solution  of  nitrate  of  binoxide  of  mercury  until 
it  becomes  completely  white,  it  is  then  passed  upon 
the  amalgam,  a  portion  of  which  is  carried  away. 
The  object,  previously  well  cleansed,  is  scratch- 
brushed  in  every  direction,  and  the  tool  is  often 
dipped  into  the  mercurial  solution  in  order  to  facilitate 
the  regular  and  even  spreading  of  the  amalgam. 

This  operation  requires  great  care  for  giving  an 
uniform  coat  upon  the  hollow  and  raised  parts. 

When  the  back  part  of  a  piece  does  not  require 
gilding,  the  flat  outline,  and  also  the  back  edge,  should 
be  gilt,  in  order  that  the  naked  copper  shall  cause  no 
injury  in  the  subsequent  operations. 

When  the  article  is  uniformly  covered  with  the 
amalgam,  it  is  heated  upon  a  charcoal  fire  without 
draft,  and  which  rests  upon  a  cast-iron  plate.*  The 
entire  attention  of  the  operator  is  now  required  for 

*  We  are  indebted  to  M.  Darcet  for  a  gilding  forge  which  al- 
lows the  workman  to  watch  the  operation  from  behind  a  glass 
frame,  and  is  thus  saved  from  the  mercurial  vapors.  Bat  such  are 
routine  and  carelessness,  that  this  apparatus  has  not  become  popu- 
lar ;  and  in  most  workshops,  with  a  simple  hood,  the  workmen 
remain  constantly  exposed  to  the  deleterious  fumes  of  mercury. 
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iratching  the  process.  With  his  left  hand  covered 
frith  a  thick  glove  of  huckskin,  he  turns  the  piece 
n  every  direction  upon  the  fire,  and,  as  the  mercury 
lisappears,  with  his  right  hand  he  strikes  the  article 
n  every  direction  with  a  brush,  the  handle  and  the 
gristles  of  which  are  long,  in  order  to  equalize  the 
gilding,  and  to  push  the  remaining  amalgam  upon 
;ho8e  parts  which  appear  less  charged  with  it. 

When  the  whole  of  the  mercury  has  become  vola- 
tilized, the  gilding  has  a  dull  greenish-yellow  color, 
■esembling  that  of  boxwood,  and  the  operator  then 
examines  whether  the  coat  of  gold  is  continuoca. 
Should  a  few  empty  places  appear,  a  new  quantity 
>f  amalgam  is  added,  and  the  whole  heated  again. 

The  next  operation  is  scratch-brushing,  which  fur- 
lishes  a  pale-green  color,  and  also  requires  another 
leating  for  arriving  at  the  desired  shade.  The  re- 
leating  should  be  sufficient  for  expelling  any  remain- 
ng  mercury,  and  producing  a  fine  orange-yellow  color. 

We  may  now  proceed  to  one  of  two  distinct  ope- 
■ations,  accordingly  as  we  desire  a  bright  or  a  dead 
OBtre.    In  the  first  case,  we  submit  the 
>bject,  with  the  aid  of  heat,  to  the  or-moulu       ^    ' 
>roces9  already  described.    In  the  second,        ^ 
he  object  is  firmly  fixed  to  an  iron  rod, 
nth  wire  of  the  same  metal  (Fig.  71),  and 
imeared  with  a  hot  paste  for  dead  Riding, 
jomposed  of  nitrate  of  potassa  (saltpetre), 
chloride  of  sodium  (common  salt),  and  the 
loable  sulphate  of  alumina  and  potassa 
potassa  alum).    The  whole  is  heated  upon 
^  brisk  charcoal  fire,  without  draft,  and 
aoved  about  until  the  mixture  becomes 
\rj  and  begins  to  fuse,  when  the  article  is 
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immediately  plunged  into  a  barrel  or  cask  half  filled 
with  water. 

The  covering  of  salts  is  immediately  dissolved, 
and  the  dead  lustre  appears  in  all  its  beauty.  This 
operation,  without  being  very  difficult,  requires  a 
certain  amount  of  practice,  and  a  skillful  workman 
is  sought  for. 

The  gilding  must  be  strong  to  stand  the  dead 
lustre  process,  especially  (as  is  often  the  case)  when 
the  first  trial  is  not  successful. 

An  object  may  possess  the  right  kind  of  dead 
lustre  and  still  be  covered  with  red  lines  left  by  the 
iron  wire.  These  disappear  by  plunging  the  object 
into  a  not  too  diluted  solution  of  nitric  acid.  Pure 
hydrochloric  acid  is  preferable. 

The  gilders  with  mercury  do  not  employ  pure  gold ; 
that  which  they  use  is  previously  alloyed  with  a  cer- 
tain  proportion  of  copper  or  silver.  "With  the  latter 
metal  the  gilding  is  green.  Ked  gilding  is  either 
obtained  with  a  dark  or-moulu  or  with  the  green  for 
redj  already  mentioned.  (See  this  name  in  the  chapter 
on  Chemical  Products.) 

Gilding  with  a  partly  Deady  partly  Bright  Imstre. 

During  the  past  twenty  years  we  have  met  with 
many  mixtures  of  bright  gilding  by  the  wet  way, 
and  dead  gilding  by  fire,  upon  the  same  article. 

In  order  to  arrive  at  these  results,  operate  as  fol- 
lows : — 

Gild  with  the  amalgam  those  parts  which  are  in- 
tended for  a  dead  lustre,  and  heat,  scratch-brush, 
and  reheat  to  the  orange-yellow  color.  Then,  with 
the  battery,  give  a  sufficiently  strong  gold  deposit  to 
the  whole,  without  regard  to  the  parts  already  mer- 
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cury-gilt,  scratch-brush  all  the  surfaces  carefully,  and 
emear  the  electro-gilt  portions  first  with  a  thin  mix- 
ture of  water,  glue,  and  Spanish  white,  and  after- 
wards with  a  thick  paste  of  yellow  clay.  After 
drying,  cover  the  mercury-gilt  portions  with  the 
paste  for  dead  gilding,  aAd  proceed  as  has  already 
been  explained.  The  Spanish  white,  &c.,  are  dis- 
•solved  in  a  dilute  solution  of  hydrochloric  acid. 
The  glued  paste  is  intended  to  preserve  from  the 
heat  the  electro-gilt  portions,  which  are  again  wire- 
brushed  with  all  the  care  necessary  for  not  scratch- « 
ing  the  dead  lustre.     Brushing  comes  next. 

This  method,  which  is  generally  followed,  is  open 
to  several  objections,  among  which  is  the  production 
of  red  spots  on  those  places  which  have  been  heated 
too  much,  or  where  the  coat  of  gold  was  not  thick 
enough.  It  is  easier  and  more  sure  to  proceed  as 
follows: — 

Gild  with  the  amalgam,  and  bring  up  the  dead 
lustre  upon  those  portions  which  are  to  receive  it, 
and  preserve  them  entirely  with  the  resist  varnish. 
After  thorough  drying,  cleanse  the  object  by  dipping 
it  into  acids,  in  the  usual  manner,  and  gild  in  the 
electro-bath.  The  resist  varnish  stands  all  these 
acids  and  solutions.  When  the  desired  shade  is  ob- 
tained, dissolve  the  varnish  with  gasoline  or  benzine, 
which,  unless  there  has  been  friction  applied,  does  not 
injure  in  any  way  either  the  shade  or  the  velvety 
appearance  of  the  dead  lustre.  Wash  in  a  hot  solu- 
tion of  cyanide  of  potassium,  then  in  boiling  water, 
[  and  allow  to  dry  naturally. 

The  resist  varnish  may  also  be  removed  by  allow- 
ing the  object  to  remain  for  a  variable  length  of  time 
in  concentrated  sulphuric  acid  marking  66^  Baum6, 


190  GALVAIS^OPLASTIC  MAIOPULATIONS. 

which  has  no  action  whatever  upon  the  gilding.  In 
this  case,  the  washing  with  cyanide  is  unnecessary, 
and  pure  water  is  sufficient. 

Gilding  with  a  dead  lustre,  whatever  be  the  pro- 
cess employed,  suits  only  those  objects  which  will 
never  be  subjected  to  friction.  Even  the  contact  of 
the  fingers  injures  it. 

A  new  freshness  is  imparted  to  old  dead  gildings* 
by  a  washing  in  caustic  iye,  and  then  in  a  dilute  so- 
lution of  nitric  or  sulphuric  acid.  This  process  is 
sufficient  to  remove  the  dirt  of  grease,  dust,  and 
smoke,  but,  evidently,  will  not  remedy  scratches.  In 
the  latter  case,  the  objects  must  be  scratch-brushed, 
and  then  heated  with  the  composition  for  a  dead 
lustre. 


CHAPTER  XXV. 

GILDING  ZINO  WITH  A  DEAD  LUSTRE. 

OHding  Zinc  vdth  a  Dead  Lustre. 

Thebe  is,  at  the  present  time,  no  artistic  bronze, 
whatever  be  the  finish,  elegance,  and  delicacy  of  its 
shape,  which  may  not  be  reproduced  in  zinc  (deco- 
rated with  the  name  of  Bronze  composition)  with  an 
accuracy  which  often  deceives  a  practised  eye.  Most 
of  our  stores  are  filled  with  clocks,  chandeliers,  cups, 
and  other  articles  of  luxury  made  of  zinc  only.  A 
great  many  of  such  articles  have  a  simple  coating  of 
brass,  bronzed  afterwards  to  imitate  similar  objects 
of  real  copper,  brass,  or  bronze ;  but  others  rival  in 
their  gilding  the  finest  products  of  the  gilding  by 
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mercury,  either  with  a  dead  lustre,  scratch-brushed, 
or  burnished. 

Gilt  zinc,  especially  with  a  dead  lustre,  is,  at  the 
present  day,  manufactured  in  France  on  such  a  large 
scale,  that  we  feel  ourselves  obliged  to  devote  to  it  an 
entire  chapter. 

The  first  operation  consists  in  filling  with  tm  solder 
all  the  holes  and  the  smallest  defects  which  may  exist 
in  the  object  of  zinc,  and,  at  the  same  time,  removing 
with  appropriate  tools  the  seams,  burrs,  rough  spots, 
&c. 

Afterwards,  the  piece  is  scoured  by  passing  it,  for 
a  few  seconds  only,  through  a  boiling  solution  of  100 
parts  of  water  and  5  or  6  parts  of  caustic  potassa  or 
soda.  Too  long  a  presence  in  this  caustic  lye  will 
spoil  the  polish  of  the  zinc,  which  becomes  dissolved. 
After  this  scouring  or  cleasing,  the  object  is  rinsed 
in  fresh  water. 

It  is  then  steeped  for  half  a  minute  in  a  pickle 
composed  of  10  parts  of  sulphuric  acid,  and  100  parts 
of  water,  and  lastly  rinsed  in  fresh,  or  preferably 
boiling,  water. 

Thus  prepared,  the  object  is  immersed  in  a  cold 
or  warm  electro-bath  of  copper  or  brass,  for  a  few  mo- 
ments, and  until  it  has  been  covered  with  a  thin 
metallic  pellicle,  which  is  deposited  very  uniformly 
if  the  object  has  in  it  no  tin  solder  and  is  perfectly 
cleansed.  On  the  contrary,  the  deposit  is  black  and 
dull  on  those  parts  which  have  been  soldered,  or  im- 
perfectly cleansed.  In  the  latter  case,  the  article  is 
thoroughly  scratch-brushed,  and  dipped  again  into 
the  electro-bath  for  a  half  hour  or  an  hour,  until  the 
deposit  is  sufficiently  thick.  Most  gilders  use  a  warm 
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bath  for  the  first  pellicle,  scratch-brush,  and  complete 
the  deposit  in  a  cold  bath. 

If  a  bright  gilding  or-moulu  fashion  be  desired, 
the  article  may  be  rinsed  in  fresh  water,  and  then 
dipped  into  an  electro-gilding  bath. 

On  the  other  hand,  if  we  desire  a  dead  lustre  gild- 
ing, equal  in  appearance  to  the  best  mercury  gilding, 
we  proceed  by  either  of  the  two  following  methods : — 

First  Method. —  WiOi  Silver. 

An  electro-silvering  bath  is  prepared  by  dissolving 
in  10  litres  of  water,  150  grammes  of  fused  nitrate  of 
silver,  and  adding  250  grammes  of  pute  cyanide  of 
potassium,  which,  at  first,  produces  an  abundant  pre- 
cipitate, which  soon  becomes  dissolved.  The  filtered 
liquid  is  the  silver  bath,  into  which  is  steeped  the 
zinc  article  previously  coated  with  copper  or  brass. 
Under  the  influence  of  a  proper  electric  current,  the 
silver  deposited  is  of  a  very  handsome  fi*osted  (dead 
lustre). appearance,  and  perfectly  white.  The  object 
is  then  rapidly  and  thoroughly  rinsed,  and  dipped 
into  an  electro-gilding  bath,  of  which  we  shall  give 
the  formula. 

The  dead  gilding  obtained  by  this  process  is  very 
fine  and  silky,  but  is  soon  altered  and  darkened  by 
the  sulphuretted  hydrogen  of  the  atmosphere  and  of 
the  gas-light,  which  sulphurizes  the  silver  through 
the  thin  film  of  gold. 

This  first  process  is  seldom  employed  at  the  pre- 
sent day,  and  the  following  one  is  preferred,  and 
rightly  so,  since  it  is  more  durable  and  more  eco- 
nomical : — 


i 
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Second  Method, — By  Galvanoplastic  Processes. 

Add  to  the  necessary  quantity  of  water,  one-tenth 
of  its  volume  of  Bulphuric  acid,  and  dissolve  in  tfaia 
acid  liquor  as  much  sulphate  of  copper  (hlue  vitriol) 
as  it  will  hold  at  the  ordinary  temperature.  This 
solution  will  then  mark  from  20°  to  24°  Baum4,  and 
then  add  enough  water  to  reduce  its  specific  gravity 
to  16°  or  18°. 

This  galvanoplastic  hath  is  generally  held  in  large 
vessels  of  stoneware,  slate,  wood,  or  gutta-percha; 
and  porous  cells  are  immersed  in  it  which  are 
filled  with  a  weak  solution  of  sulphuric  acid  and  of 
amalgamating  salts.  Plates  or  cylinders  of  zinc  are 
put  into  these  cells,  and  are  connected  with  one,  or 
several  hrass  rods,  which  rest  upon  the  sides  of  the 
trough,  and  support  the  articles  which  are  to  receive 
a  dead  lustre  in  this  bath.     (Fig.  72.)    The  articles 

Fig.  T2. 


of  zinc,  previously  coated  with  copper  or  brass,  are 
therefore  suspended  to  the  rods,  and  remain  in  the  so- 
13 
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lution  of  sulphate  of  copper  until  they  have  acquired 
a  satisfactory  dead  lustre* 

It  is  prudent,  a  few  seconds  after  the  articles  have 
been  immersed  in  the  bath,  to  withdraw  them  from 
it,  and  to  examine  them  carefully.  Indeed,  should 
the  previous  coat  of  copper  or  brass  be  insufficient 
to  resist  the  corroding  action  of  the  acid  solution  of 
sulphate  of  copper,  there  is  produced  a  muddy  and 
dark  deposit,  which  is  easily  removed  with  the  finger. 
And  should  thi^  occur,  the  object  must  be  scratch- 
brushed  and  placed  again  in  the  former  alkaline 
baths  of  copper  or  brass,  in  order  to  increase  the  de- 
posit which  protects  the  zinc  in  the  galvanoplastic 
bath. 

The  beginner,  before  undertaking  this  operation, 
will  do  well  to  consult  and  become  conversant  with 
the  second  part  of  this  work  on  the  galvanoplastic 
art 

When  the  galvanoplastic  dead  lustre  has  been  suc- 
cessfully obtained,  the  deposit  is  perfectly  regular, 
and  of  a  pink  shade  which  possesses  great  fresh- 
ness. When,  on  the  contrary,  it  is  irregular,  marbled, 
crystalline,  of  a  vinous  or  fire-red  color,  and  dull  or 
earthy  in  appearance,  these  defects  are  due  to  the 
following  causes :  either  the  bath  is  in  a  bad  state  of 
conductibility  or  of  saturation ;  or  the  surface  of  the 
zincs  is  too  considerable  in  proportion  to  that  of  the 
objects,  and  therefore  too  much  electricity  is  given 
out ;  or,  lastly,  the  previous  electro-deposits  of  copper 
or  brass  were  insufficient  or  inferior  in  quality.  The 
remedy  for  either  of  these  inconveniences  is  easily 
found  out,  and  simply  requires  a  little  care  and 
attention. 

The  galvanoplastic  dead  lustre  being  once   ob- 
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tained  in  a  satisfactory  maimer,  two  preliminary 
operations  are  needed  to  insure  the  success  of  the 
gilding. 

They  consist  in  rapidly  passing  the  object  (with 
dead  lustre),  after  rinsing,  through  a  solution  made 
of— 

Water 10  litres 

Nitrate  of  binoxide  of  mercury     .        •        10  grammes 
Snlpharic  acid 20        ^ 

then,  after  rinsing,  plunging  it  into  another  solution 
composed  of — 

Water  .               .       .        .        .        •  10  Utres 

Cyanide  of  potassium  .        •        .        •        400  grammes 
Nitrate  of  silver 100        " 

The  object  acquires  a  slightly  white  tinge  in  this 
liquor,  and  is  again  rinsed  in  fresh  water,  before  being 
put  into  the  following  gilding  bath : — 

Distilled  water 10  litres 


Phosphate  of  soda 
Bisulphite  of  soda 
Cyanide  of  potassium,  pure 
Chloride  of  gold,  neutral 


600  grammes 
100        " 
10  to  12        ^ 
20        " 


The  mode  of  preparation  of  this  bath  is  given  at 
the  beginning  of  Chapter  XX. 

This  bath  should  be  nearly  boiling,  and  worked 
with  quite  an  intense  galvanic  current.  The  anode 
is  a  platinum  wire,  which  being  more  or  less  im- 
mersed in  the  liquor,  allows  of  the  regulation  of  the 
amount  of  electricity  according  to  the  volume, 
weight,  and  surface  of  the  object  to  be  gilt. 

This  kind  of  gilding  requires  at  the  beginning  an 
energetic  electric  action,  obtained  by  steeping  the 
platinum  wire  deeply  in  the  liquid,  in  order  to  have 
the  entire  surface  of  the  piece  covered  quite  instan- 
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taneously;  then,  as  the  thickness  of  the  deposit 
increases,  so  is  the  anode  gradually  removed  from  the 
bath  until  it  dips  very  little.  The  gilding  obtained 
by  this  method  has  a  remarkable  freshness  of  tone. 

A  few  gilders,  before  using  the  bath  with  battery, 
pass  the  zinc  articles  through  another  bath  by  dip- 
ping, which  they  call  preparing  bafhy  and  which  is 
nothing  but  a  gold  bath  by  dipping,  such  as  that 
described  at  page  120,  Chapter  XII. 

Others  gild  in  two  operations,  that  is,  after  having 
deposited  about  half  of  the  gold  intended  for  the 
object,  this  is  removed  from  the  bath,  washed,  passed 
again  through  the  mercurial  solution,  and  replaced 
in  the  gold  bath  for  finishing  up  the  gilding. 

After  gilding,  the  articles  are  rinsed  in  clear  boil- 
ing water  for  a  few  seconds,  and  dried  in  the  stove, 
or  in  warm  sawdust  of  fir  wood.  All  friction  should 
be  carefully  avoided,  otherwise  the  dead  lustre  will 
become  scratched.  These  washings  are  necessary, 
because,  if  saline  matters  are  left,  they  will  react 
upon  the  zinc  and  the  copper,  and  the  gilding  will 
be  covered  with  verdigris. 

When  certain  parts  of  this  gilding  are  burnished, 
their  color  is  green  if  the  frosted  surface  has  been 
obtained  in  the  silver  bath,  and  red  if  the  galvano- 
plastic  bath  has  been  employed.  These  inconveni- 
ences are  remedied  by  dipping  the  burnished  article 
again,  for  a  short  time,  into  the  gold  bath.  It  is 
evident  that  this  last  deposit  of  gold  must  be  thin 
enough  not  sensibly  to  impair  the  brightness  of  the 
burnished  parts. 

Dead  lustre  electro-gilding  upon  zinc,  like  that 
obtained  by  the  old  process,  will  suit  those  objects 
only  which  have  no  friction  to  bear,  and  which  are 
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not  often  handled.  This  kind  of  gilding  is  especially 
applied  to  clocks  and  similar  articles,  which  remain 
under  glass. 

The  dead  lustre  obtained  by  a  thick  deposit  of  gold 
is  always  dull,  earthy,  and  of  a  disagreeable  appear- 
ance. 

The  process  of  dead  lustre  gilding,  described  in 
this  chapter,  may  be  applied  to  all  metals  and  alloys, 
provided  that  those  corroded  by  the  solution  of  sul- 
phate of  copper  be  previously  coated  with  copper  or 
brass.  Indeed,  these  previous  coatings  of  copper  or 
brass  are  always  desirable,  because  they  prevent 
crystalline  and  irregular  deposits  often  formed  upon 
metals  which  are  not  corroded  by  the  bath  of  sul- 
phate of  copper.  I  have  discovered  by  experience, 
that  the  galvanoplastic  dead  lustre  upon  cast  or 
laminated  copper,  is  much  finer  when  the  pieces  have 
been  previously  covered  with  copper  or  brass  in  the 
alkaline  baths. 

We  thus  sum  up  the  operations  necessary  for  gild- 
ing zinc  with  a  dead  lustre : — 

1.  Mending  the  pieces,  that  is,  closing  up  all  the 
holes  with  the  soldering  iron,  etc. ; 

2.  Scouring  or  cleansing  in  a  caustic  solution  of 
eoda  or  potassa ; 

3.  Cleansing  in  water  acidulated  with  sulphuric 
acid; 

4.  Effecting  electro-deposits  of  copper  or  brass, 
for  a  few  minutes  in  hot  alkaline  baths ; 

5.  Scratch-brushing; 

6.  Finishing  the  electro-deposits  of  copper  or  brass 
in  cold  alkaline  baths ; 

7.  Washing  and  imparting  a  dead  lustre  either  in 
the  silver  bath,  or  in  that  of  sulphate  of  copper ; 
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8.  Binsing,  and  passing  through  a  weak  mercurial 
solution ; 

9.  Washing,  and  steeping  in  a  silvering  bath  by 
dipping  (many  gilders  omit  this  operation) ; 

10.  Kinsing,  and  gilding  in  the  nearly  boiling  gold 
bath,  in  one  or  two  operations ; 

11.  Washing  in  pure  boiling  water ; 

12.  Drying  in  sawdust  or  in  a  stove,  or  in  both ; 

13.  Burnishing  certain  parts,  then  slightly  regild- 
ing,  washing,  and  drying. 

Faded  gildings  may  be  renovated  by  dipping 
them,  for  a  greater  or  less  length  of  time,  into  a  weak 
and  tepid  solution  of  cyanide  of  potassium,  and  after- 
wards into  very  dilute  nitric  or  sulphuric  acid.  We 
may  add  that  imperfect  gildings  may  be  removed  by 
inverting  the  poles  in  a  solution  of  cyanides,  that  is, 
by  connecting  the  gilt  articles  with  the  positive  pole 
(carbon  or  copper),  and  the  negative  pole  (zinc)  with 
the  anode  which  becomes  gilt.  This  process  is 
especially  employed  for  removing  the  gold  jfrom  arti- 
cles of  iron,  steel,  and  even  silver,  which  cannot  be 
submitted  to  the  ungilding  (stripping)  hath  which  we 
are  about  to  describe.  Silver,  copper,  and  brass  may 
also  be  removed  by  similar  processes. 


Chapter  xxvl 

DISSOLYING  GOLD  FBOM  GILT  ABTIOLES. 

Dissolving  Ooldfrcm  GfUt  Articles. 

Wb  cannot  take  leave  of  the  gilding  processes 
without  giving  the  means  of  ungilding  those  articles 
which  need  this  operation. 


r 
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Artists  or  manuiactarers  are  often  reqi 
ongild  objecte,  either  for  doing  anew  an  is 
gilding,  or  extracting  the  gold  from  worn-out 
intended  for  remelting.  The  method  varies  & 
ably,  according  to  the  metal  upon  which  ^ 
been  deposited. 

Iron  and  steel  are  ungilt,  without  any  is 
themselres,  by  dipping  them  into  a  bath  of  10 
cyanide  of  potassium  and  100  parts  of  water,  a 
necting  them  with  the  positive  pole  of  a  batti 
wire  or  foil  of  platinum  is  fixed  to  the  negati 
This  is  nothing  bnt  inverting  the  position  of  tl 
and  in  this  case  the  gold  applied  upon  the  iron 
is  dissolved  in  the  solution  of  cyanide,  and  pi 
posited  upon  the  platinum  anode,  from  which 
moved  in  a  regular  gold  bath.  "When  there 
a  mere  film  of  gold  upon  iron  or  steel,  it  ma; 
moved  by  the  cyanide  alone,  without  the  aid 
tricity,  but  this  method  is  slow. 

Silver,  copper,  and  their  alloys  may  also  bf 
by  this  process ;  but,  as  the  cyanide  dissolvei 
same  time  the  gold  and  part  of  the  other  meb 
preferable  to  operate  as  follows : — 

For  ungilding  silver,  it  is  heated  to  a  chi 
heat,  and  immediately  thrown  into  a  pickle  * 
or  less  dilated  sulphuric  acid.  The  gold  sc 
and  falls  on  to  the  bottom  in  the  shape  of  s] 
The  operation  is  repeated  until  gold  no  longer 
upon  the  surface  of  the  silver,  which  is  the 
and  frosty. 

This  process  is  imperfect,  and  is  not  ada 
light  and  hollow  articles,  for  which  the  precedi 
oess  is  preferable. 

For  copper  and  its  alloys,  such  as  bronze. 


200  GALVANOPLASTIO  MANIPULATIONS. 

chort,  brass,  etc.,  we  proceed  by  two  different  methods, 
according  to  the  nature  and  volume  of  the  objects. 

Small  jewelry  ware,  thinly  gilt,  either  by  battery 
or  by  dipping,  is  dipped  into  the  following  bath : — 

Snlpharic  acid  (oil  of  vitriol)      •  •        .        .        10  volumes* 
Nitric  acid  (aqua  fortis)        ....  1  volume. 

Hydrochloric  acid  (muriatic  acid)         .        .  2  volumes. 

Which  is  simply  aqua  regia  in  a  large  quantity  of 
sulphuric  acid.  It  is  precisely  this  great  excess  of 
sulphuric  acid  which  allows  of  the  solution  of  gold, 
without  sensibly  attacking  copper  or  its  alloys. 

Ordinarily,  the  sulphuric  acid  is  put  alone  into  a 
stoneware  jar,  and  the  mixture  of  hydrochloric  ^nd 
nitric  acids  (aqua  regia),  kept  in  a  stoppered  bottle, 
is  gradually  added  to  it  as  the  operation  of  ungilding 
proceeds.  The  same  sulphuric  acid  may  last  a  long 
time,  provided  it  is  kept  well  covered,  and  its  dis- 
solving action  promoted  by  successive  additions  of 
nitric  and  hydrochloric  acids. 

The  articles  should  be  withdrawn  often,  in  order 
to  watch  the  operation,  which  is  terminated  when  no 
gold  is  seen,  and  when  the  copper  has  acquired  a 
uniform  blackish-gray  coat.  We  may  also  ascertain 
that  all  the  gold  has  been  dissolved,  by  plunging  the 
objects  into  the  compound  acids,  in  which  they  are 
perfectly  cleansed  when  the  gold  has  disappeared. 

iNTitrate  of  potassa  (saltpetre)  and  chloride  of 
sodium  (common  salt)  may  be  substituted  for  ni- 
tric acid  and  hydrochloric  acid.  The  result  is  iden- 
tical; but  in  this  case  the  salts  must  be  finely  pow- 
dered, and  stirred  with  a  glass  rod,  in  order  to  be 
dissolved,  decomposed,  and  transformed  into  aqua 
regia. 


J 


r 
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A  few  operators  ungild  small  jewelry  by  a  more  or 
lesB  protracted  immersion  in  the  compound  acids  for 
a  bright  or  dead  lustre;  but  they  spoil  their  acids  and 
lose  the  gold. 

For  large  objects,  such  as  clocks,  chimney  orna- 
ments, chandeliers,  etc.  (and  also  for  smaller  articles),^ 
we  operate  as  follows  (Fig.  73) : — 

Fig.  ^3. 


Concentrated  snlphnric  acid  (66*^  Baum£)  is  pat 
into  a  glass  or  stoneware  vessel  supporting  two  brass 
rods. 

One  of  these  rods  is  connected  by  a  conducting 
wire  with  the  last  carbon  of  a  battery  of  two  or  three 
Bnnsen's  inverted  elements,  and  supports  by  means 
of  hooks  the  objects  to  be  ungilt,  and  which  are  en- 
tirely covered  by  the  sulphuric  acid.  The  other  rod 
BQpports,  also  by  means  of  a  hook,  a  copper  plate 
&cmg  the  object,  and  is  connected  with  the  last  zinc 
of  the  battery.    The  electric  fluid  traverses  the  sul- 
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phuric  acid,  and  carries  the  gold  from  the  positiye  to 
the  negative  pole;  and  as  the  copper  plate  is  not 
prepared  for  retaining  the  gold,  this  latter  metal  falls 
on  to  the  bottom  of  the  bath  in  the  state  of  a  black 
powder,  which  is  easily  recovered  afterwards. 

As  long  as  the  sulphuric  acid  is  concentrated,  and 
even  under  the  action  of  the  galvanic  current,  it  does 
not  sensibly  corrode  the  copper.  But  it  is  not  so 
when  it  becomes  mixed  with  water ;  and  as  it  rapidly 
absorbs  the  dampness  of  the  atmosphere,  the  vessel 
in  which  it  is  contained  should  be  kept  perfectly  closed, 
when  the  ungilding  process  is  not  in  active  opera- 
tion. It  is  evident  that  the  pieces  for  ungilding 
should  be  put  into  it  in  a  state  of  dryness. 

When  we  intend  to  sacrifice  the  gilt  articles  of 
copper  or  silver,  it  is  sufficient  to  let  them  remain  in 
pure  nitric  acid,  which  dissolves  all  the  metals  except 
gold,  which  either  floats  at  the  surface  of  the  liquid 
as  a  metallic  foil,  or  falls  to  the  bottom  as  a  blackish 
powder.  If  then  the  liquor  be  diluted  with  distilled 
water,  and  filtered,  all  the  gold  will  remain  on  the 
filter,  and  the  solution  will  contain  the  other  metals. 

We  shall  give,  at  the  end  of  this  book,  the  most 
simple  and  practical  processes  for  revivifying,  for 
future  use,  the  gold  saved  by  these  different  methods 
of  ungilding. 
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CHAPTER  XXVIL 


SILYEBING. 


Silvering. 

Befoke  the  discovery  of  the  hydroplastic  methods, 
there  were  in  the  arts  two  processes  for  silvering 
metals,  and  these  two  processes  formed  two  separate 
industries.  .  Artistic  and  useful  objects  of  all  kinds 
were  manufactured  from  plated  silver^  that  is  to  say, 
copper  plates  covered  with  silver.  On  the  other  hand, 
articles  entirely  finished  as  regards  dimensions  and 
shape,  were  silvered  vnfh  silver  foils.  There  was,  it  is 
true,  a  method  of  silvering  by  the  wet  way ;  but  the 
products  were,  and  still  are,  so  deficient  in  durability, 
that  the  process  was  known  under  the  modest  title  of 
Whitening  with  silver  in  a  pot  We  shall  neverthe- 
less examine  this  operation,  which  is  still  employed  for 
whitening  certain  small  wares  for  which  durability  is 
of  secondary  importance,  and  which  simply  borrow 
of  silver  its  whiteness;  such  are  hooks  and  eyes, 
buttons,  buckles  for  suspenders,  articles  for  umbrella- 
makers,  etc.,  which  sooner  or  later  return  to  the 
primitive  color  of  their  material—copper  or  brass. 


^ 
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CHAPTEE  XXVin. 

PLATED  SILVER. 

Plated  Stiver. 

Plated  silver  is  obtained  by  rolling  together  a 
plate  of  copper  of  the  first  quality,  and  one  of  silver, 
either  welded,  or  simply  united  by  juxtapositing 
their  hot  and  clean  surfaces  wetted  with  a  concen- 
trated solution  of  nitrate  of  silver.  The  two  metals 
are  reduced  and  drawn  out  about  equally  by  the  pres- 
sure of  the  rolls,  and  long  sheets  or  bands  of  silvered 
metal  are  thus  obtained,  with  which  a  great  many 
articles  may  be  manufactured. 

"We  soon  understand  the  inconveniences  of  this 
mode  of  operation,  and  we  shall  point  out  four  prin- 
cipal ones:  In  the  first  place,  a  great  quantity  of  ma- 
terial is  lost,  since  we  have  to  cut  out  the  objects 
from  a  sheet  entirely  silvered,  and  the  waste  retains  a 
large  proportion  of  the  precious  metal ;  in  the  second 
place,  the  cut  sections  present  many  parts  without 
silver,  which  must  be  hidden  either  by  ledges,  .or  by 
silvering  by  another  method.    * 

The  third  inconvenience  is  the  absolute  necessity 
of  employing  pure  copper,  which  is  more  costly,  less 
sonorous,  and  not  so  tough  as  its  alloys. 

The  fourth  defect,  which  is  capital,  lies  in  the  dif- 
ference of  thickness  of  the  silver,  according  to  the 
shape  of  the  object.  It  is  evident  that,  in  the  em- 
bossed parts,  the  bottom  of  a  vase  for  instance,  the 
silver  has  increased  in  surface,  and  therefore  that  its 
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thickness  is  less  than  that  of  the  flat  surfaces.  More- 
over, these  raised  surfaces  are  the  more  exposed  to 
fiiction,  and  it  is  just  there  that  the  coat  of  silver  is 
the  thinner.  We  shall  see  further  on  that  the  condi- 
tions are  reversed  with  electro-silvering,  and  that  the 
parts  in  relief  receive  a  more  abundant  deposit  of 
silver,  which  is  a  satisfactory  result. 

The  best  plated  silver  has  one-tenth  of  silver,  and 
is  manufactured  by  applying  upon  an  ingot  of  pure 
copper  weighing  9  kilogrammes,  another  ingot  of 
pure  silver  weighing  1  kilogramme.  The  two  are 
rolled  together  until  the  desired  thickness  is  obtained. 
It  is  even  possible  to  produce  a  bad  plated  silver,  with 
one-tenth  of  the  precious  metal;  for,  should  we  roll 
the  two  metals  until  the  foil  of  silvered  copper  be- 
comes 1^  of  a  millimeti*e  thick,  the  thickness  of  the 
silver  will  be  only  ^^^  of  a  millimetre.  Articles 
manufactured  with  such  foil  will  possess  no  other 
strength  than  that  imparted  by  the  lead,  mastic,  or 
cement  with  which  they  are  filled ;  and  it  is  by  analo- 
gous processes  that  are  obtained  embossed  candle- 
sticks, filled  with  plaster  of  Paris,  and  which  become 
red  after  very  little  use. 

The  silver  of  the  plated  metal  will  be  bright  if  the 
roUera  are  well  polished,  and  dull  with  rough  rollers. 

A  sheet  of  copper,  rolled  between  two  sheets  of 
silver,  will,  of  course,  be  plated  on  both  sides. 

The  only  solder  practicable  which  does  not  injure 
plated  silver  is  tin  solder ;  and  when  the  objects  manu- 
fiictured  are  required  to  resist  a  certain  temperature, 
like  chafing  dishes,  nuts  and  screws  are  employed. 

When  the  silver  of  the  plated  article  was  worn  out 
in  certain  places,  there  was  no  satisfactory  method  of 
remedying  it  before  the  invention  of  the  hydroplastic 
process. 
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Note. — The  electroplating  of  old  wares  made  from  copper 
laminated  with  a  covering  of  silver,  is  often  difficult ;  and  we  find 
in  A.  Watt's  Electro-metallurgy  good  directions,  which  we  tran- 
scribe here: — 

*' Supposing  that  we  have  to  electroplate  an  old  cruet  or  liquor 
frame,  the  bottom  is  separated  from  the  wire,  either  by  unsolder- 
ing or  unscrewing,  as  the  case  may  be.  Smoothness  is  imparted 
by  emery  cloth,  or  by  pumice-stone  and  water,  or  by  powdered 
bath-brick  brushed  over  with  a  hard  brush.  Spots  of  verdigris 
are  removed  with  a  few  drops  of  hydrochloric  acid.  The  great 
difficulty  consists  in  giving  a  good  electro-deposit  upon  the  edges 
or  mounts  where  there  is  some  lead  or  lead  solder.  It  will  be  ne- 
cessary to  apply  to  such  parts,  with  a  rather  soft  brush,  a  solu- 
tion made  by  dissolving  four  ounces  of  mercury  in  nitric  acid, 
and  adding  about  half  a  pint  of  cold  water.  This  solution  is  to 
be  lightly  brushed  over  the  lead  mounts  only ;  the  article  and 
brush  are  then  to  be  well  rinsed,  and  the  brush  and  plain  water 
applied  in  the  same  way.  The  solution  of  mercury  will  turn  the 
edges  black,  or  dark  gray,  but  the  subsequent  brushing  will  ren- 
der them  bright  again.  The  frame  is  now  to  be  well  rinsed  and 
is  ready  for  the  depositing  bath.  If,  on  its  first  immersion,  any 
black  spots  exhibit  themselves,  the  frame  may  be  removed,  again 
brushed  over,  and  finally  returned  to  the  bath.  If  the  edges  do 
not  receive  the  coating  of  silver  as  readily  as  the  other  parts,  the 
solution  may  require  a  little  more  cyanide,  or  a  greater  battery 
power,  or  an  increase  in  the  surface  of  the  anode. 

^  These  lead  edges  may  be  prepared  for  receiving  the  silver  de- 
posit by  a  previous  coat  of  copper  applied  as  follows :  The  edges 
are  plunged  into  a  solution  of  sulphate  of  copper,  with  a  little 
free  sulphuHc  acid  in  it ;  then,  by  touching  the  lead  edge  with  an 
iron  wire,  it  becomes  immediately  coated  with  a  bright  deposit  of 
copper,  which  is  rinsed  and  becomes  a  good  conductor  for  the 
further  electro-deposit  of  silver. 

^^The  coating  of  tin  underneath  the  bottom  of  cruet  frames  is 
very  difficult  to  plate,  unless  in  a  solution  made  expressly  for  it. 
Therefore  it  may  be  preferable  to  remove  it  either  with  abrading 
materials,  or  with  nitric  acid  employed  with  care." 

Not  only  for  old  plated  ware,  but  also  for  many  articles  on 
which  are  found  unruly  spots  of  tin  solder,  this  rapid  process  of 
depositing  copper  will  be  found  useful. — Trans. 
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CHAPTER  XXIX 

SILVERING  WITH  SILYBB  FOIL. 

Silvering  with  Silver  Fail. 

This  method,  in  opposition  to  plated  silver,  is  never 
practised  except  upon  objects  already  manufactured, 
and  with  their  definite  shape ;  and  is  adapted  to  all 
kinds  of  copper,  bronze,  maUlechort,  or  brass.  It  is, 
therefore,  in  certain  respects,  superior  to  plated  silver ; 
but  it  is  very  difficult  of  execution,  and  is  less  ad- 
hering to  the  metal  underneath. 

The  operation  is  conducted  as  follows : — 

After  annealing  the  articles,  they  are  thrown  still 
hot  into  a  bath  of  sulphuric  acid  with  a  small  propor- 
tion of  hydrochloric  and  nitric  acids.  Their  appear- 
ance is  then  a  dull  and  dead  lustre,  owing  to  a  mul- 
titude of  small  holes,  which  are  so  many  points  of 
attachment  for  the  silver  foiL 

The  objects,  thus  prepared,  are  tightly  fixed  upon 
an  iron  rod,  which  is  held  in  a  vise.  Their  tempera- 
ture is  raised  to  about  150°  C.  by  means  of  incan- 
descent charcoal  put  at  the  proper  place,  so  as  to  open 
the  pores  of  the  metal,  which,  by  cooling  afterwards, 
will  imprison  the  silver  applied.  The  silver  foils  are 
taken  from  the  book  with  small  tweezers,  and  are  cut 
to  the  proper  dimension  upon  a  cushion  with  an  ivory 
or  steel  knife.  After  each  foil  is  deposited  upon  the 
object,  it  is  made  to  adhere  by  a  light  pressure  of  a 
rag  pad,  and  afterwards  by  the  friction  of  a  steel 
burnishing  tool.    The  parts  of  silver  foil  which  do 
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not  adhere  are  removed  with  a  soft  brush.  It  is  pos- 
sible to  superpose  a  certain  number  of  foils  upon  the 
same  object,  but  the  adherence  will  be  in  an  inverse 
ratio  to  the  quantity. 

Gold  beaters  prepare  silver  foil  either  with  a  bright, 
or  a  dead,  lustre.  The  latter  is  made  adhering  only 
by  the  pressure  of  the  pad,  and  not  by  that  of  the 
burnishing  tool.  This  dead  lustre  cannot  compare  in 
fineness  with  that  obtained  by  the  battery ;  it  is  true, 
however,  that  it  resists  the  handling  better,  and  the 
sulphur  gases  of  the  atmosphere. 

Articles  thus  silvered  are  burnished  only  after  all 
the  silver  foUs  have  been  applied ;  round  or  cylindri- 
cal objects  are  burnished  upon  the  lathe,  and  the 
other  forms  by  the  hand. 

A  practised  eye  will  readily  ascertain  whether  an 
object  has  been  silvered  with  foils,  because,  in  this 
case,  there  are  always  places  and  lines  showing  the 
vibrations  of  the  burnishing  tool. 

This  method  of  silvering  by  silver  foils  is,  at  the 
present  time,  employed  only  for  very  large  objects, 
such  as  high  chandeliers,  crosses,  holy  water  pots, 
and  other  church  ornaments. 

During  the  time  when  MM.  Charles  Christofle  & 
Co.  had  the  monopoly  of  the  patents  for  electro- 
plating, another  firm  tried  the  use  of  silver  foils  for 
silvering  spoons  and  forks,  but  the  attempt  was  soon 
abandoned.  "We  do  not  intend  to  judge  the  value  of 
the  process  employed,  but  we  shall  simply  state  that 
the  operation  was  as  follows :  The  articles  were  first 
slightly  silvered  with  a  dead  lustre  in  a  silver  bath  by 
dipping,  heated,  and  then  covered  with  silver  foil. 
The  adherence  of  the  latter  was  due  to  the  pressure 
of   an   iron    scratch-brush   striking  vertically,  and 
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forcing  like  the  silver  foils  into  the  pores  of  the 
metal  underneath.  Burnishing  by  the  usual  method 
finished  the  operation.  It  was,  therefore,  impossible 
to  obtain  a  dead  lustre  by  this  method. 


CHAPTER  XXX. 

WHITENING  WITH  SILVER  IN  A  POT. 

Whitening  with  Silver  in  a  Pot 

"We  have  already  said  that  it  is  not  possible,  by 
this  process,  to  coat  copper  articles  with  more  than  a 
blush  weight  of  silver.  Indeed,  let  us  imagine  what 
may  be  the  thickness  of  the  silver  coat,  when  the 
cleansing,  labor,  silvering,  discounts,  and  profits  in- 
cluded, are  paid  at  the  rate  of  ten  cents  per  kilo- 
gi*amme  (2.20  pounds)  of  hooks  and  eyes  and  eyelets. 
The  price  is  reduced  to  four  and  six  cents  for  the 
same  weight  of  suspender's  buckles  and  pins.  The 
value  of  one  gramme  (about  fifteen  grains)  of  pure 
silver  is  about  five  cents. 

This  whitening  is  made  as  foUows  :— 

A  certain  quantity  of  pure  granulated  silver  is 
dissolved  in  double  its  weight  of  pure  nitric  acid. 
The  solution  is  largely  diluted  with  water,  and  the 
metal  precipitated  in  the  shape  of  heavy  white  clods 
by  means  of  common  salt  or  hydrochloric  acid.  All 
of  the  nitrate  of  silver  has  been  decomposed  when  a 
further  addition  of  hydrochloric  acid  or  common  salt 
to  the  clear  supernatant  liquid  does  not  produce  any 
turbidity.  The  clear  liquors  are  then  thrown  away, 
and  the  chloride  of  silver  obtained  is  washed  several 
14 
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times,  in  order  to  deprive  it  of  all  free  acid.  If  this 
precipitate  is  to  be  kept  some  time  before  use,  it 
should  be  removed  from  the  action  of  the  solar  rays, 
which  blacken  it  rapidly. 

The  chloride  of  silver,  with  a  little  water,  is 
thoroughly  mixed  with  at  least  eighty  times  its 
weight  of  finely  powdered  bitartrate  of  potassa  (cream 
tartar),  and  kept  in  a  stoneware  pot. 

Nothing  is  more  variable  than  the  composition  of 
the  paste  used  in  this  process,  and  we  see  each  operator 
adding  to  the  cream  tartar  some  other  substance,  such 
as  common  salt  (chloride  of  sodium),  sulphate  of  soda 
(Glauber's  salt),  bichloride  of  mercury  (corrosive 
sublimate),  caustic  lime,  calcined  magnesia,  etc.,  the 
greater  part  of  which  are  useless,  if  not  hurtful. 
Here  is  a  formula  which  succeeds  very  well,  and 
which  is  often  preferred  to  the  simple  mixture  of 
chloride  of  silver  and  bitartrate  of  potassa.  • 

Pare  silver  (for  making  the  chloride)    .  30  grammes 

Powdered  cream  tartar  ....  2500        ^^ 
Salt  which  has  been  used  for   curing 

codfish* 2500        « 

One  or  several  spoonfuls  of  the  paste  prepared  as 
above  are  thrown  in,  and  entirely  or  partly  dissolved 
in  the  boiling  water  contained  in  a  kettle  of  pure 
copper.  Such  is  the  bath  into  which  we  dip  the 
articles,  either  with  the  aid  of  a  hook,  or  with  a  basket 
of  wire  gauze,  such  as  we  have  indicated  in  the 
chapter  on  gilding  by  dipping.  However  it  is  more 
usual  to  have  another  basin  of  copper,  shallow  and 
perforated  with  holes,  which  rests  against  the  upper 

*  This  salt  has  no  other  advantage  over  common  salt  than  its 
greater  cheapness.  Certain  operators  employ  chloride  of  silyer 
and  common  salt  only,  hut  the  shade  obtained  is  bluish. 


J 
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le  (Pig.  74).     By   means  of  the 
lin,  it  can  be  removed  at  once  with 


Fig.  14. 


i  stirred  with  a  wooden  spatula ; 
,tion  a  quantity  of  paste,  propor- 
ces  to  be  whitened,  is  added, 
not  work  well  when  freshly  made, 
;he  better  as  they  are  more  used, 
irk  green  tint,  due  to  the  copper 
and  which  takes  the  place  of  the 

y  this  process  do  also  the  varnish- 
cleansing  in  aqua  fortis ;  but  their 
are  inferior  to  those  employed  for 
al,  they  use  the  worn-out  acids  of 
already  said  when  speaking  of  the 
r. 

I  brightened  by  friction  with  saw- 
ever  by  scratch-brushing, 
article  of  iron,  zinc,  or  tin  intro- 
itening  bath  is  sufficient  to  impart 
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a  red  color j^tion  to  the  articles  of  brass  or  copper 
which  may  be  in  the  liquor. 

The  iron  is  separated  by  a  magnet ;  and  the  zinc 
is  dissolved  in  pickles  of  hydrochloric  or  sulphuric 
acid,  which,  when  cold,  do  not  sensibly  corrode  the 
copper  articles.  As  for  tin  or  lead,- they  must  be 
picked  by  hand. 

If,  from  some  cause,  the  operation  has  not  suc- 
ceeded, the  articles  are  plunged  for  a  few  seconds 
into  a  boiling  solution  of— 

Water 10  litres 

Nitrate  of  silver 100  grammes 

Ordinary  cyanide  of  potassium    .        •        600        "^ 

This  bath,  which  retains  its  strength  for  a  long 
time,  considerably  increases  the  brightness  and  white- 
ness of  the  deposit. 

"We  shall  soon  give,  in  extenso,  the  new  processes 
of  whitening  or  silvering  by  dipping,  which  have 
nearly  everywhere,  and  with  advantage,  replaced  the 
old  process  just  examined. 


CHAPTER  XXXI. 

COLD  SILVERING  BY  RUBBING. 

Cold  Silvering  by  JSuhbing. 

We  cannot  terminate  the  description  of  the  old 
methods  of  silvering  metals,  without  mentioning  the 
quasi-intermediate  process  of  cold  silvering  by  rub^ 
bing,  with  the  thumb,  a  cork,  or  a  brush.  The  results 
obtained  are  better  than  those  by  the  whitening 
process,  although  not  very  durable;    and  we  are 
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to  repair  alight  defects  upon  more  durable 
»8,  and  to  produce  mixtures  of  gold  and  silver, 
.  and  oxycU,  upon  slightly  gilt  objects.  We 
oid,  for  small  works,  the  use  of  resist  Tar- 

laste  employed  in  this  process  is  prepared  by 
;hly  grinding  in  a  porcelain  mortar  or  with  a 
and,  as  far  as  practicable,  not  in  the  light,  the 
ig  substances : — 

er 100  to  150  grammes 

te  fused  nitrate  of  Bilver,  or, 

ererablj,  the  chloride.    .        .        .  200  " 

xalate  of  potassa  (sorrel's  salt)    .  300  " 

rtrate  of  potassa  (cream  tartar)     .  300  *'■ 

ride  of  sodium  (commou  salt)       .  420  " 

ride  of  ammoDium  (sal  ammoniac)  80  ** 

more  simple  mixture  of— 

ride  of  silver        ....        100  grammes 
rtrate  of  potassa           .  200        " 

mon  salt 800       " 


a  the  mixture  has  been  finely  pulverized  in 
tain  mortar,  it  is  triturated  imder  the  muller 
in  a  plate  of  ground  glass  until  there  is  no  gran- 
ling.  The  paste  is  kept  in  a  porcelain  pot,  or 
,ck  glass  vessel,  so  as  to  preserve  it  from  the 
ys,  which  decompose  it  rapidly. 
n  we  desire  to  use  it,  we  add  a  little  water  to 
to  form  a  thin  paste,  which  is  applied  with  a 
r  pencil  upon  the  cleansed  articles  of  copper, 
1  those  gilt  by  dipping,  or  even  upon  those 
the  battery,  provided  that  the  coating  be  thin 
to  allow  the  copper,  through  the  coat  of  gold, 
npose  the  silver  paste.  The  paste  is  allowed 
laturally,  or  with  the  aid  of  a  gentle  heat. 
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According  to  the  thickness  of  the  gold  deposit,  the 
chemical  reaction  is  more  or  less  complete,  and  the 
dry  paste  is  of  a  pink  shade,  or  entirely  green.  In 
the  latter  case,  a  large  proportion  of  the  copper  has 
been  decomposed,  and  an  equivalent  quantity  of  silver 
has  become  reduced  to  the  metallic  state. 

The  remaining  salts  are  removed  by  a  thorough 
rinsing  in  cold  water,  and  the  silver  appears  with 
quite  a  fine  frosted  appearance,  the  brightness  of 
which  may  be  increased  by  an  immersion  of  a  few 
seconds  into  a  very  diluted  solution  of  sulphuric  acid, 
or,  preferably,  of  cyanide  of  potassium. 

This  silvering  bears  the  action  of  the  wire  brush 
and  of  the  burnishing  tool  very  well ;  it  may  also 
receive  the  oocydS,  which  proves  its  superiority  over 
the  previous  whitening  process. 

Should  a  first  silvering  not  be  found  sufficiently 
durable,  it  is  possible,  after  scratch-brushing,  to 
apply  a  second  or  a  third  coat. 

The  deposit,  we  have  said,  is  fast  enough  upon 
pure  copper,  but  the  silvering  is  not  so  adhering  or 
white  as  upon  a  gilt  surface. 

This  process  is  advantageous  for  keeping  in  good 
order  the  reflectors  of  lanterns :  in  which  case,  the 
paste  is  rubbed  with  a  fine  linen  pad  upon  the  reflec- 
tor, which  acquires  a  dull  and  leaden  appearance; 
then,  with  another  rag,  a  thin  magma  of  Spanish 
white,  or  other  similar  substance,  is  spread  over  the 
reflector  and  allowed  to  dry.  Lastly,  a  rubbing  with 
a  fine  and  clean  linen  rag  will  restore  the  lustre  and 
whiteness  of  the  plated  silver. 

For  keeping  in  order  the  reflectors  of  plated  silver 
used  in  railways,  we  prefer  the  following  method  :-^ 
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To  a  silveriiig  bath  made  of  water     .        1  litre  ^ 

Nitrate  or  chloride  of  silver    '   •        •        50  grammes 
Cyanide  of  potassium         .        .        .        300        ^^ 

Add  sufficient  Spanish  white  (levigated  chalk),  in 
fine  powder,  to  produce  a  thin  magma,  which  is  kept 
in  a  well-closed  pot.  This  paste,  by  means  of  a  brush 
or  of  a  pad  of  old  linen,  is  spread  all  over  the  surface 
of  the  reflector,  and  allowed  to  dry  almost  entirely, 
when  it  is  briskly  rubbed  over  by  means  of  another 
clean  and  dry  rag  of  old  linen.  The  produced  silver- 
ing is  the  brighter  as  the  operation  is  more  fre- 
quently repeated.  It  is  evident  that  this  process  is 
equally  suited  to  all  articles  of  plated  silver,  such  as 
carriage  and  saddlery  ware,  &c. 

The  various  powders  or  liquids  sold  under  the 
names  of  silvering  liquidy  conservator  of  plated  silver^ 
California  Hqtwr,  i&c.,  and  which  are  used  in  coffee- 
houses for  hiding  for  a  few  days  the  worn-out  parts 
of  their  spoons  and  forks,  are  nothing  else  than  a 
greater  or  less  proportion  of  the  above  paste  in  ordi- 
nary,  or  salted,  water. 

"We  must  not  confound  these  compounds  with  other 
liquors  bearing  the  names  of  aurophile  and  argento^ 
phile^  and  which  are  intended  for  cleaning  old  gild- 
ings and  silverings.  They  are  simple  solutions  of 
cyanide  of  potassium,  and  correspond  to  the  method 
which  we  have  indicated  for  reviving  old  gildings. 


■sr:-- 
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CHAPTER  XXXII. 

SEQUEL  TO  SILVERING :   SILVERING  BY  DIPPING  IN  A 

WARM  BATH — IN  A  COLD  BATH. 


Silvering  Try  Dipping  in  a  Warm  Bath. 

i^  There  are  two  processes  of  silvering  by  the  wet 

r  way  and  without  the  battery,  which  are  as  different 

in  their  operation  as  in  their  composition  and  results. 
One  of  them,  indeed,  is  especially  intended  for  silver- 
ing hooks  and  eyes,  buttons,  buckles,  &c.,  and  is 
practised  at  the  temperature  of  ebullition  in  a  bath  of 
the  double  cyanide  of  potassium  and  silver. 

This  bath  is  made  by  dissolving  in  a  kettle  of 
enamelled  cast-iron,  and  in  9  litres  of  water,  500 
grammes  of  ordinary  cyanide  of  potassium  (it  is  our 
cyanide  !N'o.  2,  the  preparation  of  which  is  described 
in  the  chapter  on  Chemical  Products). 

On  the  other  hand,  we  dissolve  150  grammes  of 
fused  nitrate  of  silver  in  1  litre  of  water  contained  in 
a  glass  vessel  or  a  porcelain  dish. 

This  second  solution  is  gradually  poured  into  the 
first  one,  and  the  whole  is  stirred  with  a  glass  rod. 
The  white  or  grayish-white  precipitate  produced  at 
first  is  soon  dissolved,  and  the  remaining  liquor  is 
filtered  if  we  desire  a  perfectly  clear  bath,  which  it 
is  sufficient  to  bring  to  the  boiling-point  for  imme- 
diately silvering  the  cleansed  copper  articles  plunged 
in  it. 
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The  objects  should  be  simply  dipped  in,  and  quite 
as  soon  withdrawn ;  a  more  protracted  sojourn  will, 
result  in  a  less  white  and  bright  silvering. 

The  silvering  should  immediately  follow  the  cleans- 
ing, although  the  rinsings  after  each  operation  should 
be  thorough  and  complete. 

This  bath,  by  the  bright  and  light  silvering  it  pro- 
duces, is  perfectly  adapted  for  set  jewelry,  which 
cannot  be  scratch-brushed  without  flattening  the 
clasps,  and  to  which  a  bright  lustre  is  absolutely  ne- 
cessary as  a  substitute  for  the  foil  of  burnished  silver 
placed  under  the  precious  stones  of  real  jewelry.  The 
employment  of  the  solution  of  nitrate  of  binoxide  of 
mercury  is  useless,  and  even  injurious,  for  this  bath. 

It  has  been  demonstrated  by  experience  that  it  is 
useless  to  keep  up  the  strength  of  the  solution  by 
new  additions  of  cyanide  and  of  silver  salt;  a  bath 
thus  reinvigorated  gives  results  far  inferior  to  those 
of  the  former  solution.  The  bath  should,  therefore, 
be  worked  out  as  long  as  the  silvering  is  satisfactory, 
and  when  exhausted,  put  away  with  the  waste.  Many 
manufacturers  who  follow  this  process  use  a  battery 
and  a  soluble  anode  in  order  to  obtain  a  more  durable 
deposit ;  but  their  mode  of  operation  is  no  longer  a 
simple  dipping,  and  properly  belongs  to  the  electro- 
silvering  by  heat,  which  shall  soon  be  examined. 

A  few  silverers  by  dipping  formerly  used  a  solution 
which,  when  boiling,  produced  a  very  fine  silver  coat, 
with  a  dead,  or  partly  dead,  lustre,  upon  coppers 
cleansed  according  to  the  methods  indicated  at  the 
beginning  of  this  work. 

They  prepared  their  bath  by  dissolving  with  the 
aid  of  heat,  and  in  a  well-scoured  kettle  of  pure 
copper: — 
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Distilled,  or  rain  water 
Ferrocyanide  of  potassium  (yellow  prus- 
siate  of  potassa)        .... 
Carbonate  of  potassa  (pearlash)  • 


5  litres 

600  grammes 
400        " 


And,  when  the  liquid  was  boiling,  they  added  the 
well-washed  chloride  obtained  from  30  grammes  of 
pure  silver  {chloride  of  silver  and  its  preparation  are 
indicated  at  the  end  of  the  book).  This  bath  should 
be  made  to  boil  for  about  half  an  hour,  and  be  filtered, 
before  using.  By  this  method,  part  of  the  silver 
becomes  deposited  upon  the  copper  kettle,  and  should 
be  removed  when  a  new  bath  is  prepared.  This 
inconvenience  is  probably  the  cause  of  the  abandon- 
ment of  this  process,  although  the  products  are 
remarkably  fine. 

All  the  silvering  baths  by  dipping,  which  contain  a 
great  excess  of  cyanide  of  potassium  comparatively 
to  the  proportion  of  the  silver  salt,  will  silver  well, 
even  in  the  cold,  copper  articles  perfectly  cleansed ; 
whereas  this  property  diminishes  in  proportion  to  the 
increase  of  the  amount  of  silver  in  the  bath.  In 
other  words,  any  silver  bath  with  a  great  proportion 
of  cyanide  silvers  well  by  simple  dipping,  and  this 
property  diminishes  with  the  decrease  of  the  amount 
of  cyanide. 

The  manufacturers  of  small  articles,  partly  copper 
and  partly  iron,  such  as  those  used  for  saddlery  and 
carriage  wares,  employ  a  particular  process  of  silver- 
ing, and  their  bath  is  composed  of — 


Water  (pure) 
Caustic  potassa     . 
Bicarbonate  of  potassa 
Cyanide  of  potassium  . 
Nitrate  of  silver,  fused 


5  litres 
160  grammes 
100 

60 

20 


44 


41 


(4 


r 
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The  cyanide,  caustic  potassa,  and 
dissolved  in  4  litres  of  water  in  a  cast 
kettle,  and  then  the  fifth  litre  of  wt 
the  nitrate  of  silver  has  heen  separat 
added  to  the  former  solution. 

For  the  silvering  operation  pn 
quantity  of  articles  are  cleansed,  tho 
and  put  into  a  small  enamelled  kett 
the  silver  hath  is  poured  in,  to  co' 
entirely,  and  the  whole  is  brought  to 
seconds,  and  stirred  with  a  wooden  i 
the  silvering  appears  satisfactory,  the  '. 
is  put  with  the  saved  waste ;  and  in  t 
same  liquid  is  never  used  for  two  bat 
This  process  furnishes  a  somewhat  dt 
with  a  dead  lustre,  and  of  a  more  ( 
white,  which  is  increased  in  whiteness 
by  soap  and  burnishing.  It  is  in  tb 
are  silvered  small  buckles,  buttons 
window  shades,  and  carriage  nails,  wb 
composed  of  iron  and  copper. 

Silvering  hy  Dipping  in  a  Co'i 
This  process,  although  more  easy, 
a  better  and  more  durable  silvering 
processes  by  simple  dipping,  is  very  li 
we  trust  that  our  readers  will  try  i 
^arantee  them  perfect  success. 

This  process  is  more  easy,  because 
and  therefore  always  ready  for  use, 
require  weighing  in  preparing  and  ma 
The  deposit  is  finer  and  more  unalt 
only  chemically  pure  silver  is  deposit* 
mixture  of  subsalts,  as  is  the  case 
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baths,  the  products  of  which  sooner  or  latter  become 
yellow.  It  is  also  the  more  durable,  because  the 
deposit,  without  the  aid  of  electricity,  may  become 
nearly  as  thick  as  desired,  and  in  direct  ratio  to 
the  length  of  the  immersion.* 

*  This  last  assertion  is  in  direct  contradiction  to  the  general 
theory  of  deposition  by  simple  dipping,  which  holds  that  the  meUd 
deposited  is  replaced  in  the  solution  by  an  equivalent  of  the  im- 
mersed metal,  which  becomes  dissolved  as  long  as  it  is  not  entirely 
covered  by  the  deposited  metal. 

Although  we  have  avoided  any  scientific  theory  in  this  practical 
book,  we  feel  obliged  rapidly  to  explain  this  phenomenon,  which 
we  meet  for  the  first  time.  We  have  said  in  the  Chapter  on 
copper  deposits^  for  instance,  that  when  an  article  of  iron  is 
plunged  into  a  solution  of  sulphate  of  copper,  part  of  the  iron 
is  dissolved  as  sulphate  of  iron,  while  an  equivalent  proportion 
of  copper  is  separated  from  the  solution  and  coats  the  iron. 
So  it  is  when  we  plunge  an  object  of  copper  into  a  bath  of  double 
cyanide  of  silver  and  potassium ;  part  of  the  copper  is  dissolved 
and  forms  a  double  cyanide  of  copper  and  potassium,  whereas  an 
equivalent  proportion  of  silver  is  deposited  upon  the  remaining 
copper.  In  either  case,  the  exchange  is  arrested  as  soon  as  the 
copper,  for  instance,  is  coated  with  a  continuous  layer  of  silver, 
which  prevents  the  solution  of  the  metal  underneath. 

The  same  phenomenon  takes  place  at  first,  during  the  operation 
of  silvering  in  the  cold  by  the  double  sulphite  of  soda  and  silver, 
and  an  equivalent  proportion  of  double  sulphite  of  soda  and  copper 
is  formed.  But,  afterwards,  another  and  a  difibrent  reaction 
takes  place,  by  which  the  silver  deposit  continues  to  increase  in 
thickness,  without  any  further  solution  of  copper,  and  it  is  due 
to  the  chemical  nature  itself  of  the  component  parts  of  the  bath. 

We  may,  indeed,  represent  the  bath  as  formed  of  sulphite  of 
soda  holding  in  solution  a  sulphite  of  oxide  of  silver, — that  is  to 
say,  for  the  last  compound — sulphurous  acid,  oxygen,  and  silver. 

It  is  sufficient  to  know  that  silver  has  very  little  affinity  for 
either  sulphurous  acid  or  oxygen,  and,  on  the  other  hand,  that 
sulphurous  acid  possesses  a  great  tendency  to  become  sulphuric 
acid  by  absorbing  oxygen,  and  we  shall  then  understand  that  in 
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This  bath  is  formed  of  bisulphite  of  soda,  to  which 
is  added  a  salt  of  silver,  the  nitrate  preferably,  until 
it  begins  to  be  dissolved  with  difficulty.  It  is  there- 
fore with  a  double  sulphite  of  soda  and  silver  that  the 
cold  silvering  by  dipping  is  effected.  It  is  evident 
that  the  bisulphites  of  potassa,  ammonia,  and  other 
alkalies  may  be  substituted  for  the  bisulphite  of 
Boda,  but  the  latter  is  to  be  preferred,  because  its 
preparation  is  cheaper,  more  easy,  and  better  known. 

Before  giving  the  composition  of  the  bath,  and  the 
manner  of  preparing  it,  we  shall  indicate  a  sure 
process  for  obtaining  a  good  bisulphite  of  soda, 
because  it  is  rarely  found  in  the  trade  sufficiently 
pure  for  silvering. 

PREPARATION  OP  BISULPHITE    OP    SODA    FOR  COLD 

SILVERING. 

Into  a  tall  vessel  of  glass  or  porcelain  (Fig.  75) 
put — 

Water 5  litres 

Crystallized  carbonate  of  soda         .        4  kilogrammes 

and  pour  mercury,  a  few  centimetres  deep,  into  the 
bottom  of  the  vessel,  so  that  the  glass  tube  carrying 
the  sulphurous  acid  gas  plunges  into  it,  and  may  not 
be  stopped  by  the  crystals  formed  during  the  opera- 

snch  a  bath,  silver  will  continue  to  become  deposited,  without  the 
solution  of  any  more  copper  to  take  its  place  in  the  bath.  This 
is  so  true,  that,  if  a  bath  of  this  kind  be  allowed  to  remain  in  a 
glass  vessel,  it  will  be  slowly  and  spontaneously  decomposed,  and 
will  silver  the  glass  itself.  The  sulphuric  acid  formed  reacts 
upon  a  portion  of  the  undecomposed  sulphite  of  soda,  sets  free  an 
equivalent  of  sulphurous  acid  which  maintains  the  bath  in  the 
state  of  bisulphite,  and  forms  itself  with  soda  a  sulphate  of  soda 
without  action  on  the  silvering  process. 
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tion.  Then  dispose  an  apparatus  for  the  production 
of  sulphurous  acid,  as  indicated  in  the  Chapter  on 
Chemical  Products,  and  pass  the  washed  gas 
through  the  vessel  holding  the  carhonate  of  soda. 


Fig.  15. 


A  part  of  this  salt  becomes  transformed  into  sulphite 
of  soda,  which  dissolves,  and  a  pai*t  falls  on  to  the 
bottom  as  bicarbonate.  The  latter,  however,  is 
transformed  into  sulphite  of  soda  by  a  continuous 
production  of  sulphurous  acid,  and  the  carbonic 
acid  escapes.   ' 

When  all  has  become  dissolved,  continue  the  pas- 
sage of  sulphurous  acid  until  the  liquid  slightly 
reddens  blue  litmus  paper,  and  then  put  the  whole 
aside  for  twenty-four  hours.  After  that  time,  a  cer- 
tain quantity  of  crystals  are  found  upon  the  mercury, 
and  the  liquid  above,  more  or  less  colored,  is  the 
bisulphite  of  soda  for  silvering.  The  crystals  are 
separated  from  the  mercury,  drained,  and  kept  for 
gilding  baths.    They  are  not  suitable  for  silvering. 

The  liquid  bisulphite  of  soda  thus  prepared,  should 
be  stirred  with  a  glass  rod,  in  order  to  eliminate  the 
carbonic  acid  which  may  still  remain. 

The  liquor  should  then  be  again  tried  with  litmus 
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paper;  and  if  the  blue  color  turns  a  deep  red,  a  little 
carbonate  of  soda  is  added  for  neutralizing  the  excess 
of  sulphurous  acid.  On  the  other  hand,  if  the  red 
litmus  paper  becomes  blue,  there  is  too  much  alkali, 
and  more  sulphurous  acid  gas  should  be  passed 
through  the  liquid,  which  is  in  the  best  conditions 
when  litmus  paper  becomes  violet  or  slightly  red. 
This  solution  marks  from  22^  to  26^  Baum^,  and 
should  not  come  in  contact  with  iron,  zinc,  tin,  or 
lead. 

PBEPARATION  OP  THE  COLD  SILVEKLN^G  BATH  BY 

DIPPING. 

A  vessel  of  stoneware,  glass,  or  porcelain  is  about 
three-fourths  filled  with  the  liquid  bisulphite  of  soda, 
and  a  solution  of  nitrate  of  silver  in  distilled  water, 
of  a  middling  degree  of  concentration,  is  gradually 
added  while  the  bath  is  continually  stirred  with  a 
glass  rod. 

By  the  contact  of  the  two  liquors,  a  flocculent  and 
white  precipitate  of  sulphite  of  silver  Is  produced, 
which,  with  the  aid  of  stirring,  is  dissolved  by  the 
bisulphite  of  soda.  The  bath  is^  therefore,  formed  of 
a  solution  of  a  double  sulphite  of  soda  and  silver. 
The  silver  solution  is  added  as  long  as  the  precipitate 
readily  disappears,  and  stopped  when  it  becomes  slow 
to  dissolve. 

In  this  state,  the  bath  is  always  ready  to  work,  and 
produces  quite  instantaneously  a  magnificent  silver- 
ing upon  copper,  bronze,  or  brass  articles  which  have 
been  thoroughly  cleansed,  and  passed  through  a  weak 
solution  of  nitrate  of  binoxide  of  mercury,  although 
this  last  operation  is  not  absolutely  necessaiy. 
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"We  may  obtain  with  this  bath,  and  according  to  . 
I  the  length  of  time  of  the  immersion  : — 

^^  1.  A  very  fine  whitening  by  silver,  which  is  as 

cheap  as  any  of  the  other  described  processes  ; 

2.  A  bright  -silvering  sufficiently  durable,  and  es- 
pecially adapted  for  setting  jewelry; 

3.  A  silvering  with  a  dead  lustre,  still  more  dura- 
ble, for  a  quantity  of  objects,  without  electricity,  arid 
in  the  cold. 

The  loss  of  silver  by  the  bath  is  made  good  by 
additions  of  nitrate  of  silver ;  but  as  there  comes  a 
time  when  the  proportion  of  bisulphite  is  not  suffi- 
cient to  dissolve  the  metallic  salt,  it  is  necessary  to 
add  some  bisulphite  of  soda  to  restore  the  bath  to  its 
primitive  state.  For  five  consecutive  years,  when  I 
was  silvering  jewelry  ware,  I  always  used  the  same 
bath,  now  and  then  reinvigorated  by  additions  of  bi- 
sulphite of  soda  or  nitrate  of  silver,  as  needed.  And 
in  this  same  bath,  as  many  articles  were  daily  silvered 
as  a  man  could  conveniently  carry,  and  at  prices 
varying  from  ten  cents  to  two  dollars  per  kilo- 
gramme. 

The  silver,  which  is  slowly  deposited  upon  the 
sides  of  the  vessel,  may  he  easily  dissolved  in  nitric 
acid  for  future  uses. 

If  I  have  carefully  described  this  process  of  silver- 
ing in  the  cold^  it  is  because  I  do  not  doubt  that  it 
will  eventually  replace  all  the  other  known  methods. 

Note. — A.  Watt  gives  the  following  useful  solution  of  silver  or 
gold  for  silvering  or  gilding  without  the  aid  of  a  battery : — 

One  ounce  of  nitrate  of  silver  is  dissolved  in  one  quart  of  rain 
or  distilled  water,  and  a  few  crystals  of  hyposulphite  of  soda  are 
added,  which  form  a  brown  precipitate  soluble  in  a  slight  excess 
of  hyposulphite.  Small  articles  of  steel,  brass,  or  German  silver 
may  be  silvered  by  simply  dipping  a  sponge  in  the  solution  and 
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Tabbing  it  over  the  surface  of  the  article  to  be  coated.  A  solutioa 
of  chloride  of  gold  may  be  treated  la  the  same  manner,  and 
applied  as  described.  A  more  concentrated  solution  of  either 
gold  or  silver  thus  made  may  be  used  for  coating  parts  of  articles 
which  have  stripped  or  blistered,  by  applying  it  with  a  camel's 
hair  pencil  to  thej>art,  and  touching  the  spot 'at  the  same  time 
with  a  thin  clean  strip  of  zinc. —  Trans. 


CHAPTER  XXXIII. 


SILVER  ELECTROPLATING. 


Silver  Mlectropldting. 

We  have  now  arrived  at  the  most  important  part 
of  our  manipulations,  that  which  has  created  such  a 
revolution  in  the  working  of  artistic  and  useful  metals. 
It  is  our  intention  to  describe  it  with  the  greatest 
care,  and  the  operator  will  have  reason  to  thank  us 
for  many  details  which,  at  first,  may  appear  of 
secondary  importance. 

It  is  by  electrodeposits  of  silver  that  we  plate  our 
tablespoons,  forks,  etc. :  therefore  are  these  methods 
of  importance  to  our  health;  by  them,  comfort  and 
even  luxury,  at  modest  rates  and  with  artistic  appear- 
ance, penetrate  to  the  various  classes  of  society ;  and 
lastly,  the  fear  of  material  loss  is  partly  alleviated, 
since  we  replace  by  objects  of  small  intrinsic  value, 
those  previously  made  of  solid  silver. 

"Without  tarrying  among  the  various  formulas 
given  by  certain  persons,  so  called  inventors,  for 
electro-silvering  baths,  we  shall  describe  one  which, 
15 


226  GALVANOPLASTIC  MANIPULATIONS. 

for  a  long  time  has  held  the  place  of  acknowledged 
superiority.    It  is  composed  of — 

Water         .        •        .        .        10  litres  or  kilogrammes 
Cyanide  of  potassium,  pure*   500  grammes 
Pure  silver  for  cyanide         .    250        ^^ 

This  bath  is  prepared  as  follows : — 
1.  A  porcelain  dish  or  capsule,  of  1  litre  capacity 
receives — 

Pure  granulated  silver         •        .        .        250  grammes. 
Pure  nitric  acid  at  40^  Baum^    .        .        500        ^^ 

The  whole  is  heated  by  charcoal  or  gas,  but  the 
dish  should  be  supported  by  an  iron  triangle,  and  not 
be  in  direct  contact  with  the  fire. 

Tlie  acid  rapidly  attacks  and  dissolves  the  silver 
with  an  abundant  production  of  nitrous  vapors,  which 
should  not  be  inhaled.    When  the  yellow  vapors  have 

*  The  chemical  composition  of  commercial  cyanide  of  potas- 
sium is  exceedingly  irregular.  The  facility  with  which  many 
foreign  substances  may  be  incorporated  with  it  during  its  pre- 
paration, and  a  desire  to  make  large  profits,  are  the  reasons 
why  many  commercial  cyanides  do  not  contain  more  than  25  and 
30  per  cent,  of  the  real  article.  We  shall  give  in  the  chapter  on 
Chemical  Products,  at  the  end  of  this  work,  the  best  method  of 
preparing  it  for  our  purposes. 

We  manufacture  three  qualities  of  cyanide  of  potassium,  each 
of  which  has  its  particular  uses: — 

Our  cyanide  No.  1  or  100^,  contains  from  90  to  100  per  cent,  of 
real  cyanide,  and  is  especially  employed  for  gilding  and  silvering 
baths.  When  we  simply  say  cyanide  ofpotasaium^  we  mean  this 
quality. 

Our  cyanide  No.  2  contains  from  60  to  70  per  cent,  of  real 
cyanide;  it  is  the  article  prepared  by  Liebig's  method,  and  is 
used  for  electrobaths  of  copper,  brass,  etc 

Lastly,  our  cyanide  No.  3,  which  marks  from  55^  to  60^,  is  for 
scouring  and  preparing  baths,  and  for  photographic  operations. 
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disappeared,  there  remains  in  the  dish  a  liquid  more 
or  less  greenish,  bluish,  or  colorless,  according  to  the 
proportion  of  copper  held  by  the  commercial  silver, 
which  is  seldom  entirely  pure. 

The  heat  is  then  increased  in  order  to  evaporate 
the  excess  of  acid,  which  escapes  in  the  form  of  white 
fumes.  The  material  in  the  dish  swells  up  and  dries, 
and,  with  a  further  increase  of  heat,  fuses  like  wax. 

The, dish  is  then  removed  from  the  fire,  and  being 
held  with  a  cloth,  the  molten  mass  is  made  to  flow 
upon  the  sides,  where  it  soon  solidifies. 

We  have  thus  obtained  the  fused  nitrate  of  silver 
(lunar  caustic),  which  is  more  or  less  white,  or  gi'ay, 
according  to  the  purity  of  the  silver  employed. 

When  the  whole  is  perfectly  cooled,  the  dish  is 
turned  upside  down,  and  by  a  gentle  tap  on  the  sides, 
the  mass  is  detached. 

2.  The  nitrate  of  silver  is  dissolved  in  ten  or  fifteen 
times  its  weight  of  distilled  water,  and  hydrocyanic 
acid  (prussic  acid)  poured  into  this  solution,*  where  it 
immediately  produces  an  abundant  white  precipitate 
of  cyanide  of  silver.  We  ascertain  that  a  sufficiency 
of  prussic  acid  has  been  employed,  when,  by  adding 
a  few  drops  of  it  to  the  clear  liquid,  no  precipitate  or 
turbidity  appears. 

The  whole  is  then  thrown  upon  a  filter  of  calico 
stretched  upon  a  wooden  frame,  and  the  cyanide  of 
silver  remains  on  the  cloth,  whereas  the  solution  with 
the  nitric  acid  and  excess  of  prussic  acid  passes 
through..  The  precipitate  left  upon  the  filter  is 
washed  two  or  three  times  with  pure  water. 

3.  The  cyanide  of  silver  thus  prepared  is  put  into 
the  vessel  intended  for  the  bath,  and  stirred  with  the 
ten  litres  of  water.    The  cyanide  of  potassium  is  then 
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added,  which  becomes  dissolved  itself,  and  also  dis- 
solves the  cyanide  of  silver.  The  silvering  bath  is 
therefore  a  solution  of  a  dauhU  cyanide  of  potassium 
and  silver. 

Those  persons  who  operate  on  a  small  scale,  in  order 
to  render  the  operation  more  rapid,  substitute  the 
nitrate  or  the  chloride  of  silver  for  the  cyanide.  This 
mode  of  operation  is  not  economical  in  the  long  run, 
since,  after  having  maintained  the  strength  of  their 
baths  with  such  materials,  the  liquors  will  become 
loaded  with  chloride  of  potassium  or  nitrate  of 
potassa,  and,  being  too  dense,  will  not  be  easily 
traversed  by  the  electric  current.  Moreover,  in  cold 
weather,  the  above  salts  will  crystallize  upon  the 
immersed  articles,  and,  as  silver  will  not  be  deposited 
upon  these  crystals,  the  silver  coat  will  be  fiill  of 
holes,  without  possibility  of  burnishing  it,  and  the 
operation  will  have  to  be  begun  anew. 

We  should  say,  nevertheless,  that  amateurs  or 
operators  who  employ  small  baths  often  renovated, 
may  substitute  for  the  cyanide  of  silver,  the  chloride, 
or,  better  still,  the  nitrate  of  this  metal.  But,  in  the 
latter  case,  the  quantity  of  cyanide  of  .potassium 
should  be  increased.    Such  baths  will  be  prepared  as 

follows : — 

f 

1.  The  nitrate  of  silver  is  prepared  in  the  manner 
indicated  above,  and  150  grammes  of  it  (nearly  equal 
to  100  grammes  of  pure  silver)  are  dissolved  in  10 
litres  of  water. 

2.  The  cyanide  of  potassium  ISo.  1,  about  250 
grammes,  are  then  added  to  the  above  solution. 

Aft^er  stirring  to  facilitate  the  complete  solution^ 
the  liquor  is  filtered,  in  order  to  separate  the  iron 
contained  in  the  cyanide.    This  operation,  however, 
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is  not  absolutely  necessary,  becatise  the  iron  rapidly 
falls  to  the  bottom  of  the  bath,  and  the  solution 
becomes  limpid. 

We  see  that,  in  this  case,  we  have  only  10  grammes 
of  silver  per  litre  of  water ;  but  it  is  enough  for  ordi- 
nary operations.  On  the  other  hand,  many  silver 
eleetroplaters  employ  much  richer  baths,  holding  up 
to  100  grammes  of  metal  per  litre ;  but  I  personally 
prefer  an  average  of  from  20  to  25  grammes,  which 
furnishes  very  good  and  regular  results. 

The  proportion  of  cyanide  of  potassium  employed 
is  much  more  than  is  required  for  dissolving  the 
silver,  since  1^  part  of  good  cyanide  is  sufficient  for 
1  part  of  silver;  but  experience  demonstrates  that, 
unless  there  be  a  great  excess  of  cyanide  of  potassium, 
the  liquors  do  not  conduct  electricity  well,  and  the 
deposit  of  silver  is  granulated,  striated,  and  irregular. 

The  operation  is  effected  with  a  battery,  and  with 
baths  either  warm  or  cold.  The  latter  methpd  is 
generally  adopted  for  articles  which  require  great 
solidity.  The  hot  process  is  employed  for  small 
articles,  although  it  is  preferable  for  steel,  iron,  zinc, 
lead,  and  tin  which  have  been  previously  electro- 
ooppered. 

The  hot  electro-silvering  baths  are  generally  kept 
in  enamelled  cast-iron  kettles,  and  the  articles  are 
either  suspended,  or  moved  constantly  about  in  them. 
The  preliminary  operations  of  cleansing  in  acids  and 
passing  through  the  mercurial  solution,  are  necessary. 
A  somewhat  energetic  current  is  needed,  especially 
when  the  articles  are  moved  about,  in  order  to  operate 
rapidly.  There  is  too  much  electricity,  when  the 
articles  connected  with  the  negative  pole  of  the 
battery  become  gray  or  black,  and  produce  many 
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bubbles  of  gas.  A  platinum  anode  (large  wire  or 
tbin  foil)  is  generally  preferred  to  tbe  soluble  anode 
of  silver  employed  in  cold  batbs^  but  the  solution  is 
rapidly  impoverished. 

In  the  hot  silvering  baths,  the  separate  battery  is 
often  replaced  by  a  zinc  wire  wrapped  around  the 
articles.  The  points  of  contact  of  the  two  metals  are 
often  black  or  gray;  but  the  stain  rapidly  disappears 
by  plunging  the  object  into  the  liquor  for  a  few 
moments,  after  it  has  been  separated  from  the  zinc, 
and  carefully  scratch-brushed. 

A  few  gold  and  silver  electroplaters  employ,  instead 
of  separate  batteries,  the  simple  a/pparatu»  (Fig.  76), 

Fig.  i«. 


which  consists  of  a  glass,  porcelain,  or  stoneware 
vessel  holding  the  bath,  and  in  the  centre  of  which  is 
a  porous  cell  filled  with  a  solution  of  10  per  cent,  of 
cyanide  of  potassium  or  of  common  salt.  The 
cylinder  of  zinc,  immersed  in  this  exciting  liquid, 
carries  a  circle  of  brass  wire,  the  cross  diameters  of 
which  are  soldered  to  the  zinc.    It  is  then  sufficient 
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to  suspend  the  well  cleansed  articles  to  the  brass 
circle  by  means  of  slinging  wires.  At  the  begin- 
ningy  the  operation  goes  on  rapidly,  and  the  deposit 
is  good ;  but,  after  a  certain  length  of  time,  the  solu- 
tion of  zinc  traverses  the  porous  cell  by  exosmose, 
and  the  purity  of  the  bath  is  impaired. 

An  impoverished  hot  bath  is  reinvigorated  by 
additions  of  equal  parts  of  cyanide  of  potassium  and 
of  silver  salt.  It  is  also  necessary  to  replace  the 
water  in  proportion  as  it  is  evaporated. 

When  the  silver  baths  rapidly  deposit  their  metal 
without  the  aid  of  electricity,  it  is  a  proof  that  they 
are  too  rich  in  cyanide,  or  too  poor  in  silver.  A 
deposit  effected  under  such  conditions  is  rarely 
adhering,  especially  when  we  operate  upon  articles 
previously  coppered,  because  then  the  excess  of 
cyanide  dissolves^  the  pellicle  of  deposited  copper, 
and  the  silver  which  takes  its  place  may  be  removed 
with  the  finger.  This  phenomenon  will  be  particu- 
larly observed  with  articles  of  steel,  tin,  lead,  etc., 
which  of  necessity  have  been  coated  with  copper. 
The  remedy  consists  in  adding  to  the  bath  only 
enough  of  silver  salt  and  no  more,  so  that  a  piece  of 
copper  will  not  become  sensibly  silvered  in  it,  without 
the  aid  of  electricity. 

The  cold  electro-silvering  baths  are  disposed  differ- 
ently, according  to  the  articles  to  be  operated  upon. 
Those  generally  employed  for  silver  electroplating 
tablespoons  and  forks,  etc.,  are  contained  in  large 
and  rectangular  wooden  troughs  (Fig.  77),  lined  with 
gutta  percha,  or  made  of  riveted  wrought  iron. 
They  are  sufficiently  high  to  allow  of  about  10  centi- 
metres of  liquid  being  above  the  immersed  objects, 
and   the  distances  from  the  bottom  and  sides  are 
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nearly  the  same.  This  condition  will  permit  a 
regular  deposit  of  metal  at  both  extremities  of  the 
object.    The  upper  ledge  of  the  trough  carries  two 

Fig.  7T. 


brass  rods  all  round,  which  do  not  touch  one  another, 
and  one  of  which  is  higher,  in  order  that  other 
raetaltio  rods,  being  put  across,  will  rest  upon  the 
higher  or  the  lower  rods,  but  not  upon  both  at  the 
same  time.  Each  of  these  rods  is  connected  with 
one  of  the  poles  of  the  battery,  by  means  of  conduct- 
ing wires,  the  points  of  contact  of  which  should  be 
perfectly  clean.  The  rod  which  supports  the  articles 
to  be  silvered  is  connected  with  the  negative  pole 
represented  by  zinc  in  most  batteries;  and  the  other, 
supporting  the  anodes,  is  attached  to  the  positive 
pole,  which  is  carbon  with  Bunsen's  elements,  copper 
for  DanielPs,  and  platinum  with  Grove's  cells. 
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A  certain  number  of  spoons  and  forks  fixed  to  one 
rod  (Fig.  78),  hy  means  of  copper -wires,  are  cleansed 
at  the  same  time,  and  the  rod  is  placed  upon  the 
negative  conducting  rod  of  the  trough.  Then,  facing 
each  other,  we  dispose  upon  the  positive  conducting 
wire  of  the  trough  another  metallic  rod  to  which  the 
soluble  silver  anode  is  attached  like  a  flag  (Fig.  79). 

Fig.  78.  Fig.  79. 


Kext  comes  another  series  of  spoons  and  forks,  faced 
hj  another  soluble  anode,  and  so  on,  and  in  such  a 
manner  that  each  series  of  spoons  and  forks  is 
between  two  anodes.  The  articles  to  be  silvered  all 
rest  upon  the  negative  conducting  rod,  and  the 
soluble  anodes  upon  the  positive  one. 

This  disposition  is  evidently  the  best  for  obtaining 
a  sensibly  equal  deposit  upon  all  the  pieces ;  never- 
theless it  still  requires  the  turning  upside  down  of 
the  objects  during  the  operation,  in  order  to  prevent 
a  thicker  deposit  on  the  lower  parts.  Indeed,  we 
should  not  f<n'get  that  the  richest  part  of  the  solution 
is  the  densest,  and  therefore  lies  near  the  bottom  of 
the  trough.  Moreover^  the  change  of  position  of  the 
articles  prevents  the  formation  of  longitudinal  strise, 
which  are  often  seen  upon  smooth  articles  left 
unmoved  in  the  solution  for  a  long  time. 
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These  strise  are  generally  due  to  the  existence  of  a 
multitude  of  BmaU  ascending  and  descending  car- 
rents,  formed  by  the  successive  displacements  of 
denser  and  lighter  liquid  layers.  They  do  not  take 
place  in  liquors  kept  in  a  state  of  constant  citation. 
The  denser  layers,  being  richer  in  metal,  deposit  it 
more  abundantly  upon  the  direction  which  they 
follow,  and  form  grooves  which  cannot  be  filled  by 
the  lighter  and  poorer  currents.  It  is,  therefore, 
advantageous  either  to  keep  the  bath  or  the  objects 
in  constant  motion;  and  in  large  silveiing  works, 
where  there  is  a  motij^e  power  available,  a  small 
portion  of  it  may  be  used  for  imparting  a  motion  to 

Pig.  80. 


the  objects  to  be  silvered.    In  this  case,  the  frame 
supporting  the  articles  does  not  rest  upon  the  trough, 
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but  is  suspended  above  the  bath,  and  receives  its 
motion  from  a  small  eccentric.     (Fig.  80.) 

Any  other  system,  producing  the  same  results, 
may  be  employed. 

Tablespoons  and  forks  of  ordinary  dimensions,  in 
order  to  acquire  sufficient  durability,  should  receive 
a  silver  deposit  weighing  from  70  to  100  grammes 
per  dozen.  The  coat  will  adhere  strongly,  if  the 
well-cleansed  ai*ticles  have  been  fully  amalgamated 
in  the  solution  of  nitrate  of  binoxide  of  mercury. 
Their  sojourn  in  the  silver  bath  varies  from  twelve  to 
fifteen  hours,  according  to  the  intensity  of  the  cur- 
rent. The  silvering  will  be  the  better  and  finer  as 
the  intensity  of  the  current  is  weaker,  provided  that 
we  remain  within  certain  limits  determined  by  the 
surfaces  to  be  silver-plated.* 

Electro-silvering  baths  do  not  generally  work  so 
well  when  freshly  prepared,  as  when  they  have  been 
used  for  a  certain  time,  and  have  become  dectrolized ; 
the  deposit  is  not  always  uniform,  and  is  often  granu- 
lated, bluish,  or  yellowish.  It  is  therefore  desirable  to 
mix  a  portion  of  old  liquors  with  those  recently  pre- 

*  A  sofBcient  qnantity  of  silver  may  be  deposited  within 
three  or  four  hours,  but  then  the  aggregation  of  the  metallic 
molecules  is  not  satisfactory,  and  the  burnishing  is  very  difficult. 
When  the  articles,  spoons  and  forks  for  instance,  have  acquired  a 
film  of  silver,  they  are  sometimes  removed  from  the  bath  and 
tiiOTOughly  scratch^brushed ;  but,  as  the  contact  with  the  fingers 
may  have  left  upon  them  some  greasy  spots,  they  should  be 
cleansed  in  alcohol,  or,  preferably,  in  a  hot  silvering  bath,  thenct^ 
again  passed  through  the  mercurial  solution,  and  finished  in  the 
former  cold  electro-bath.  This  first  scriCtch-brushing,  which  is 
not  always  necessary,  obviates  the  tendency  of  certain  cleansed 
alloys  to  assume  a  crystalline  appearance,  and  corrects  certain 
imperfections  of  the  cleansing  process. 
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pared.  Kew  baths  may  acquire  an  artificial  age  by 
boiling  them  for  a  few  hours,  or  adding  to  them  one 
or  two  thousandths  of  aqua  ammonia. 

The  greatest  reproach  to  electro-silver-plating  is 
that  the  deposit  does  not  remain  white,  but  becomes 
yellowish  by  contact  with  the  air.  This  phenomenon 
is  due  to  the  simultaneous  deposit,  by  galvanic 
action,  of  pure  silver  and  of  a  subsalt,  the  subcyanide 
of  silver^  which  is  rapidly  decomposed  and  darkened 
by  light.  It  is  therefore  sufficient  to  eliminate  the 
latter  compound,  and  the  inconvenience  will  dis- 
appear. This  may  be  arrived  at  by  the  following 
methods : — 

1.  The  articles  are  left  immersed  in  the  bath  for 
some  time  after  the  electric  current  has  been  inter- 
rupted, when  the  subcyanide  of  silver  is  dissolved  by 
the  cyanide  of  potassium. 

2.  After  having  smeared  the  objects  with  a  paste 
of  borax,  they  are  heated  in  a  muffle  until  the  salt 
fuses  and  dissolves  the  subcyanide.  This  process 
anneals  and  softens  the  metal. 

3.  The  poles  of  the  battery  are  inverted  for  a  few 
seconds,  that  is  to  say,  the  articles  become  soluble 
anodes,  and  the  electric  current  carries  away  the  sub- 
cyanide of  silver  in  preference  to  the  metal.  It  is 
evident  that  this  operation  should  be  very  short, 
otherwise  the  silver  will  entirely  abandon  the  objects 
and  will  coat  the  silver  sheets;  and  should  the 
operation  last  still  longer,  the  copper  itself  will 
follow  the  same  direction. 

Note. — ^We  condense  from  A.  Watt's  Electro-Metallurgy^  cer- 
tain precautions  for  the  silver-plating  of  Britannia  metal,  pewter, 
and  all  combinations  of  lead  and  tin.  They  are  best  placed  in  a 
solution  containing  a  good  deal  of  free  cyanide,  and  the  deposit 
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shonld  be  rapid  at  first.  The  surface  of  the  anode  should  be 
about  three  times  that  required  for  German  silver,  and  the  battery 
power  strong,  but  not  too  intense. 

It  is  better  not  to  disturb  these  articles  in  the  solution,  es- 
pecially at  the  beginning  of  the  deposit.  Afterwards  they  may 
be  shifted  for  obtaining  a  uniform  coat. 

If  the  articles,  when  they  have  been  placed  in  the  plating  bath 
for  a  few  moments,  present  an  unequal  surface,  it  is  advisable  to 
remove  them,  and  have  them  brushed  over  again  as  before ;  then, 
after  well  rinsing,  they  should  be  quickly  returned  to  the  bath 
and  allowed,  if  possible,  to  remain  without  further  disturbance. 
—  Trans. 


CHAPTER  XXXIV. 

SILVER  BATH  FOB  AHATEUBS* 

Silver  Bath  far  Amateurs. 

Amateubs,  or»  those  who  simply  wish  to  make  a 
few  experiments  in  electro-silvering,  will  find  the 
following  disposition  very  satisfactory,  since  the 
expenses  are  small,  and  the  results  certain. 

The  bath  is  kept  in  a  cylindrical  vessel  (Fig.  81) 
of  stoneware,  glass,  or  porcelain,  and  of  appropriate 
size.  The  spoons  and  forks,  for  instance,  after  a 
thorough  cleansing  and  amalgamation,  are  attached 
by  clean  copper  wires  to  the  circumference  of  a  brass 
ring,  supported  upon  the  top  of  the  apparatus  by 
three  or  four  soldered  wires.  The  ring  is  connected 
with  the  negative  pole  of  the  battery,  and  the  posi- 
tive pole  with  a  platinum  anode  which  dips  into 
the  middle  of  the  apparatus.  A  silver  sheet  rolled 
as  a  cylinder  is  preferable  to  the  platinum  wire.  It 
results  firom  this  disposition  that  all  the  objects 
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suspended  from  the  brass  ring  are  equally  distant 
from  the  anode,  and  receive  the  same  amount  of  de- 
Fig.  81. 


posited  silver.  Nevertheless,  the  articles  to  be 
silvered  should  he  now  and  then  turned  upside  down, 
and  also  sideways,  so  that  each  face  of  the  object 
will  be,  in  turn,  directly  opposite  the  silver  anode. 
These  changes  moreover,  present  the  advantage  that 
the  points  of  contact  with  the  suspending  wires 
receive  their  quota  of  metallic  deposit.  When  this 
precaution  is  not  followed,  the  place  where  the  wire 
was  attached  appears  as  a  furrow  without  silver,  and 
defaces  the  general  appearance. 

Points,  edges,  comers,  and  alt  raised  parts,  offer  a 
more  easy  passage  to  the  electric  current,  and  there- 
fore become  more  coated  with  metal.  It  is,  in  this 
case,  an  excellent  condition,  which  can  be  obtained 
only  by  electro-silvering. 

As  the  wearing  out  of  tablespoons  and  forks  is 
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greater  on  their  convexity,  this  part  should  face  the 
silver  anode  longer  than  the  concave  portions. 

Note. — Bisulphide  of  carbon,  in  small  proportion,  imparts,  for 
some  unknown  reason,  a  bright  lustre  to  electroplated  articles. 
We  find  the  mode  of  operation  thus  described  in  A.  Watt's 
Eledro'Melallurgy:  *^Put  an  ounce  of  bisulphide  of  carbon  into 
a  pint  bottle  containing  a  strong  silver  solution  with  cyanide  in 
excess.  The  bottle  should  be  repeatedly  shaken,  and  the  mix- 
ture is  ready  for  use  in  a  few  days.  A  few  drops  of  this  solution 
may  be  poured  into  the  plating  bath  occasionally,  until  the  work 
appears  sufficiently  bright.  The  bisulphide  solution,  however, 
must  be  added  with  care,  for  an  excess  is  apt  to  spoil  the  solu- 
tion. In  plating  surfaces  which  cannot  easily  be  scratch-brushed, 
this  brightening  process  is  very  serviceable.  The  operator,  how- 
ever, must  never  add  too  much  at  a  time." 

We  have  already  seen  the  difficulty  of  obtaining  regular  de- 
posits of  gold  or  silver  over  articles  which  have  parts  soldered 
with  soft,  or  even  hard,  solder.  This  difficulty  may  be  greatly 
obviated  by  scratch-brushing  these  parts  dry,  that  is,  without 
the  usual  liquid  employed.  The  scratch-brush  leaves  minute 
particles  of  metal  which  render  these  refractory  parts  better 
conducting,  provided,  however,  that  during  the  operation  no 
grease  or  other  impurities  are  left  on  these  spots. — Trans. 


CHAPTER  XXXY. 

AKGTROMETRY,  OR  METHOD  BY  WHICH  THE  WEIGHT 
OF  DEPOSITED  SILVER  IS  DIRECTLY  ASCERTAINED. 

Argyrometryy  or  Method  hy  which  the  Weight  of 
Deposited  Silver  is  directly  ascertained. 

To  ascertain  with  exactness  the  quantity  of  de- 
posited silver  upon  a  determined  surface  and  in  a 
given  time,  such  is  the  important  problem  for  the 
silver  electroplater  to  solve.     With   the  different 
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dispositions  previously  described,  we  cannot  amve 
at  very  correct  results,  and,  although  a  long  practice 
may  facilitate  the  operation,  there  is  always  more  or 
less  guesswork  and  reckoning. 

Here  are  some  of  the  methods  employed  by  opera- 
tors who  do  not  possess  the  precise  apparatus  which 
we  shall  soon  describe :  For  instance,  let  us  suppose 
that  twelve  tablespoons  are  to  be  coated  with  72 
grammes  of  silver.  The  articles  are  cleansed  by  the 
processes  already  described,  then  dried  in  sawdust  or 
otherwise,  and  weighed  in  a  scale.  However  rapid 
this  manipulation  may  be,  the  surface  of  the  copper 
will  be  slightly  oxidized  and  tarnished  by  the  con- 
tact of  the  fingers  or  sawdust;  and,  in  order  to 
recover  their  former  cleanliness,  the  articles  will  have 
to  be  plunged  into  a  strong  pickle  of  sulphuric  acid, 
and  then  into  the  mercurial  solution.  After  rinsing, 
and  a  more  or  less  protracted  immersion  in  the  bath, 
the  operator  will  judge  by  practical  experience  that 
it  i^  nearly  time  to  withdraw  the  spoons  from  the 
solution,  and  he  will  have  to  weigh  them  several 
times  before  the  intended  weight  of  silver  has  been 
deposited. 

Others  do  differently ;  they  cleanse  the  spoons  or 
forks  and  put  them  immediately  into  the  bath,  except 
one,  which  is  treated  as  above  and  is  used  as  a 
witness.  This  piece  is  now  and  then  )*emoved  from 
the  bath  to  ascertain  its  increase  of  weight,  and  when 
it  has  acquired  its  proportion  of  silver,  it  is  supposed 
that  the  operation  is  regular  and  complete. 

It  is  easily  understood  how  defective  and  erroneous 
such  methods  are.  In  the  first  place,  for  instance, 
the  operation  is  tedious,  and  it  will  be  one  chance 
out  of  a  thousand  if  the  correct  result  is  arrived  at. 
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Id  the  second,  it  is  sufficient  that  the  piece  serving 
as  the  witness  be  attached  to  a  more  or  less  clean 
wire,  which  is  then  more  or  less  conducting,  or  be  at 
unequal  distance  from  the  soluble  anode,  to  arrive  at 
most  erroneous  results  if  the  quantity  of  silver 
supposed  to  be  deposited  upon  the  other  articles  be 
calculated  from  the  increase  of  weight  of  the  witness 
piece.* 

This  inconvenience  is  obviated,  and  we  know  the 
precise  moment  when  the  given  proportion  of  silver 
has  been  deposited,  by  a  very  simple  and  easy  pro- 
cess. 

After  having  removed  one  dish  of  an  ordinary  pair 
of  scales  we  substitute  for  it  a  metallic  frame  which 
supports  the  articles  to  be  silvered,  and  communi- 
cates through  the  beam,  the  knives,  and  the  column 
with  the  negative  electrode  of  a  battery.  The  soluble 
anode  is  connected  with  the  positive  pole  (Fig.  82). 

When  the  articles,  spoons  a^d  forks,  for  instance, 
are  suspended'  to  the  frame,  and  are  in  the  bath,  the 
equilibrium  of  the  scale  is  established  by  means  of 
i^eights  upon  thd  remaining  dish.  This  equilibrium 
is  then  broken  by  increasing  the  previous  tare  with 
a  weight  equal  to  the  silver  which  we  desire  to 
deposit.     It  is  evident  that  the  operation  will  be 

*  Strongly  amalgamated  articles  will  not  become  sensibly  oxi- 
dized during  the  drying  which  precedes  their  weighing. 

When,  during  the  operation,  the  objects  have  been  dried  in 
order  to  ascertain  the  proportion  of  deposited  silver,  they  should 
not  be  returned  to  the  bath  without  having  been  cleaned  in  a  hot 
flolntion  of  cyanide  of  potassium,  which  dissolves  the  grease  from 
the  handling,  and  passed  again  through  the  solution  of  nitrate  of 
binoxide  of  mercury,  and  rinsed.  Alcohol  may  be  substituted 
fbr  the  hot  solution  of  cyanide,  but  the  results  are  not  so  sure,  and 
tlie  expense  is  greater. 

16 
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finished  when  the  equilibrium  of  the  beam  is  re- 
established. 

Fig.  82. 


This  method  is  not  mathematically  accurate,  since 
the  articles  are  more  bulky  after  than  before  the 
silvering  process  (according  to  the  Archimedian 
principle:  Solids  plunged  into  a  liquid  lose  a  weight 
equal  to  that  of  the  volume  of  the  displaced  fivid); 
nevertheless  it  is  sufficiently  exaiit  for  all  practical 
purposes. 

We  cannot  too  strongly  advise  conscientious 
manufacturers  to  employ  analogous  processes,  not 
only  for  their  own  interests,  but  also  with  a  view  to 
public  morals. 

A  skilful  operator  will  employ  scales  for  each  bath, 
especially  when  silvering  spoons  and  forks.  The 
supporting  frames  may  be  circular,  in  order  to  have 
the  soluble  anode  in  the  centre  of  the  bath  and  at 
equal  distances  from  the  articles.    The  central  anode 


ABGTHOMETRT.  243 

does  not  prevent  the  employment  at  the  same  time  of 
another  anode  laid  on  the  sides  of  the  vessel,  so  that 
the  articles  receive  the  action  of  the  current  in  front 
and  behind  them.  Lastly,  there  is  no  difSculty  in  so 
disposing  a  sounding  bell  that  it  will  indicate  the 
precise  moment  when  the  equilibrium  of  the  scale 
takes  place  (Fig.  83). 

Pig.  83. 


We  see  that,  in  this  pattern,  the  negative  elec- 
tricity communicates  with  the  articles  to  be  silvered 
through  the  column  itself,  the  knives,  and  the  beam. 
The  positive  fluid  passes  through  a  couducting  wire 
isolated  from  the  column  by  a  glass  tube.  Such  an 
apparatus  may  be  modified  in  many  ways. 

These  dispositions  will  result  in  great  exactness 


n 
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as  to  the  weight  of  deposited  silver,  less  labor,  smaller 
batteries  (since  the  surface  of  the  anode  is  much 
larger  than  that  of  the  articles),  and  lastly,  with 
several  baths  there  is  no  danger  of  a  complete  stop- 
page, from  a  defect  in  the  solution,  as  is  often  the 
case  when  one  trough  only  is  employed. 

Each  of  these  baths  will  be  reinvigorated  after 
two  or  three  operations,  by  the  addition  of  equal 
quantities  of  silver  salt  and  cyanide  of  potassium. 

After  many  operations,  the  specific  gravity  of  the 
bath  becomes  too  great.  Indeed,  if  the  silver  is 
deposited,  the  cyanide  remains  behind  and  is  partly 
decomposed  into  carbonate  of  potassa,  which  is 
without  action  on  the  silvering  process,  but  prevents 
the  free  passage  of  the  electric  current.  We  may 
then  substitute  for  the  cyanide,  hydrocyanic  acid, 
which  combines  with  the  potassa  of  the  carbonate, 
while  the  carbonic  acid  escapes  in  a  gaseous  form. 
We  have  thus  reconstituted  the  cyanide  with  its 
dissolving  properties  for  metals,  oxides,  and  metallic 
salts. 

The  bath  may  also  be  regenerated  by  the  cyanides 
of  calcium  or  barium,  the  bases  of  which  form 
insoluble  carbonates,  whereas  the  cyanogen  combines 
with  the  potassa  of  the  carbonate. 
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CHAPTER  XXXVI. 

ARGYBOMETRIC  SCALE. 

AUTOMATIC  APPARATUS  WHICH  DEPOSITS  WITHOUT 
SUPBRVISIOK  AIS^D  WITH  CONSTANT  ACCURACY  A 
BETERMINED  QUANTITY  OF  SILVER,  AND  WHICH 
SPONTANEOUSLY  BREAKS  THE  ELECTRIC  CURRENT 
WHEN  THE  OPERATION  IS  TERMINATED. 

It  does  not  require  a  great  deal  of  thought  to 
understand  that  the  preceding  kinds  of  apparatus  are 
still  quite  imperfect,  because  the  operator  must  be 
present  when  the  operation  is  finished,  in  order  to 
i^ithdraw  the  objects  from  the  bath,  or  arrest  the 
g-alvanic  action.  It  is  a  condition  which  is  not 
always  possible,  especially  with  those  baths  working 
day  and  night,  and  which  will  often  deposit  a  great 
excess  of  silver,  if  they  are  not  watched. 

We  believe  that  we  have  succeeded  in  avoiding  all 
the  inconveniences  pointed  out,  by  means  of  the 
argyrometric,  or  rather  metallometric,  scale  patented 
by  us  in  1856,  and  which  we  shall  describe  minutely. 

We  manufacture  four  sizes  of  this  apparatus: — 

The  smallest,  or  first  size,  is  sufiScient  for  a  dozen 
of  forks  or  spoons,  and  is  intended  for  amateurs, 
chemical  laboratories,  physical  cabinets,  etc. 

The  three  other  sizes  are  for  manufacturers,  and 
ivill  carry  four,  six,  or  twelve  dozens  of  forks  and 
spoons,  or  a  proportional  quantity  of  other  articles. 
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-   COMPOSITION  OF   THE  APPAKATU9. 

Each   manufacturing   apparatus    is   composed  of 

(Fig.  84):- 

Fig.  84. 


1.  A  wooden  trough  lined  with  gutta  percha, 
which  is  perfectly  impervious,  aud  unacted  upon  hy 
the  silver-bath. 


r 
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The  upper  ledge  of  this  trough  carries  a  brass  rod 
fixed  by  small  nails  penetrating  the  wood  through 
the  gutta  percha.  This  winding  rod  (Fig.  85),  has 
a  screw  connection  at  one  extremity  for  attaching 

Fig.  85. 


the  conducting  wire  from  the  positive  pole  of  the 
battery,  and  supports  the  various  anodes  which  dip 
entirely  into  the  liquid,  and  communicate  with  cross 
brass  rods  by  means  of  hooks  of  platinum  wire. 
These  cross  rods  have  their  extremities  filed  flat,  so 
as  not  to  roll,  and  to  have  a  better  contact  with  the 
fixed  winding  rod. 

2.  A  cast-iron  column  screwed  at  its  base  to  one 
of  the  sides  of  the  trough,  and  which  carries  near  the 
top  two  projecting  arms  of  cast-iron,  the  extremities 
of  which  are  vertical  and  forked,  and  may  be  opened 
or  closed  by  iron  clamps.  These  forks  are  intended 
for  maintaining  the  beam,  and  preventing  the  knives 
from  leaving  their  bowls  under  the  influence  of  too 
great  oscillations. 
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In  the  middle  of  the  two  arms,  there  are  two  bowls 
of  polished  steel,  hollowed  out  wedge  shape,  and 
intended  to  receive  the  knives  of  the  beam. 

One  of  the  arms  of  the  column  carries  at  its  end 
a  horizontal  ring  of  iron,  in  which  is  fixed  a  heavy 
glass  tube  supporting  and  insulating 
Fig.  86.  a  ^.yp   of    polished   iron   (Fig.  86). 

This  cup  has  at  its  lower  part  a  small 
pocket    of   lamb-skin  or    of   India- 
rubber,  which,  by  means  of  a  screw 
underneath,  may  be  raised  or  lowered. 
This   flexible  bottom   allows  us    to 
lower  or  raise  at  will  the  level  of  the 
mercury  introduced  afterwards  into 
the  iron  cup.    Another  lateral  screw 
permits  the  connection  with  the  nega- 
tive conducting  wire  from  the  battery. 
3.   A  cast-iron  beam,  carrying  in 
the  middle  two  sharp  knives  of  the 
best    steel,   hardened  and   polished. 
At  each  extremity  there  are  two  parallel  bowls  of 
steel  separated  by  a  notch,  and   intended  for   the 
knives  of  the  dish  for  weights,  and  of  the  fi^me  sup- 
porting the  articles.     One  of  the  arms  of  the  beam 
is  provided  with  a  stout  platinum  wire,  standing 
immediately  above  and  in  the  centre  of  the  cup  of 
mercury.    According  as  the  beam  inclines  one  way 
or  the  other,  this  wire  goes  in  or  out  of  the  cup. 

4,  A  dish  for  weights,  with  two  knives  of  cast-steel 
fixed  to  the  same  metallic  bar,  which  is  attached  to 
four  chains  supporting  the  lower  wooden  box  for  the 
tare.  The  smaller  pan,  for  the  weight  corresponding 
to  the  silver  to  be  deposited,  is  midway. 

5.  The  supporting  frame,  which  is  also  suspended 
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by  two  Bteel  knives,  and  the  vertical  rod  of  which  is 
formed  of  a  stout  braes  tube  fixed  below  to  the  brass 
frame  proper,  which  is  equal  in  dimensions  to  the 
opening  of  the  trough,  and  supports  the  various  rods 
bearing  the  articles. 

6.  Lastly,  a  certain  number  of  suspension  rods 
(Fig.  87),  made  of  brass,  and  flattened  at  their 
extremities  so  as  not  to  roll  and  to  have  a  better 
contact  The  slinging  wires  are  of  pure  copper,  and 
are  soldered  with  tin  in  boles  drilled  in  advance. 
These  wires  are  bent  at  their  extremity  in  such  a 
manner  that  the  fork  or  spoon  may  easily  be  put  in, 
or  removed,  and  Fig.  88  represents  this  disposition 
in  full  size. 

Fig.  87.  Fig.  88. 


The  straight  portion  of  these  wires  which  dips 
into  the  liquid  is  covered  with  a  small  tube  of 
India-rubber,  which  prevents  the  useless  deposit  of 
silver  upon  them.  The  hooks,  however,  become 
coated  with  silver,  which  is  removed  by  acids  after 
having  raised  the  India-rubber  tube. 
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Fig.  89  represents  a  vertical  and  tranHvei-ee  section 
of  the  trough,  when  in  operation. 

Fig.  89. 


DISPOSITION  OF  THE  APPABATU8. 

The  various  parts  of  the  apparatus  being  described, 
we  now  have  to  indicate  the  precautions  necessary 
for  their  disposition,  upon  which  the  exactness  of  the 
operation  depends. 

The  trough  is  set  upon  four  bricks,  one  at  each 
comer,  so  that  having  a  free  circulation  of  air  under 
it  the  bottom  will  not  rot,  and  the  whole  is,  by  the  aid 
of  a  spirit  level,  made  perfectly  horizontal. 

The  column  is  then  screwed  on,  and  made  vertical 
by  the  aid  of  the  plumb  bob.    After  having  with- 
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drawn  the  iron  clamps  from  the  forks,  the  beam  is 
put  in  place  with  great  precaution,  so  as  not  to  hurt 
the  knives  which  rest  in  the  bowls  of  the  centre  of 
the  column.  The  clamps  are  again  put  on,  and  the 
beam  should  now  oscillate  freely  upon  the  knives 
without  friction. 

The  two  knives  of  the  supporting  frame  are  put  in 
their  places,  as  are  also  those  of  the  pan  for  weights. 

Mercury  is  then  poured  into  the  six  bowls  where 
the  knives  rest,  until  all  the  polished  parts  of  the 
latter  are  covered.  Mercury  presents  the  following 
advantages : — 

1.  It  prevents  the  corrosive  action  of  the  acid 
vapors  of  the  work-room  upon  the  polished  parts  of 
the  knives  and  bowls. 

2.  The  friction  is  lessened,  and  the  weighings  are 
more  correct. 

3.  It  considerably  increases  the  surfaces  of  contact 
for  the  passage  of  the  electricity,  which,  otherwise, 
would  be  obliged  to  circulate  through  the  edges  of 
the  knives. 

4.  It  prevents  the  softening,  by  the  heat  produced 
by  the  electricity,  of  the  edges  of  the  knives. 

Lastly,  the  insulated  steel  cup  is  filled  with 
mercury,  so  that  the  point  of  the  platinum  wire 
attached  to  the  beam  merely  touches  it  when  the 
equilibritim  is  established,  that  is  to  say,  when  the 
index  marks  zero.  The  surface  of  the  mercury 
should  be,  now  and  then,  cleaned  of  any  dust  which 
may  prevent  the  passage  of  the  current.  The  small 
flexible  pocket  is  used  for  raising  or  lowering  the 
level  of  the  mercury,  and  therefore  fixing  it  at  the 
proper  height. 
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WORKING  OP  THE  APPARATUS. 

1.  The  trough  is  filled  up  with  the  silver  Uath  to 
within  a  few  centimetres  of  the  upper  edge. 

2.  All  of  the  anodes  are  hooked  upon  their  rods, 
every  one  of  which  rests  upon  the  winding  rod 
nailed  upon  the  trough,  and  communicating  by 
means  of  the  binding  screw  with  the  positive  pole  of 
the  batteiy. 

The  silver  anodes  should  be  dipped  entirely  into 
the  liquid,  otherwise  they  will  be  rapidly  cut  at  the 
line  of  the  level,  while  the  platinum  supporting  wires 
are  unacted  upon.*  The  anodes  are  placed  parallel 
to  each  other,  one  at  each  end  of  the  trough,  and  the 
intermediary  ones  are  from  about  20  to  25  centimetres 
distant,  in  order  to  leave  a  sufficient  space  for  two 
rods  supporting  the  spoons  and  forks. 

3.  Two  transverse  wooden  rods  are  put  under  the 
suspending  frame,  which  is  thus  insulated  from  the 
winding  rod  for  anodes,  and  the  rods  supporting  the 
objects  are  placed  upon  it  in  such  a  manner  that 
there  are  two  rods  for  each  space  between  two  silver 
anodes.  "We  must  be  careful  to  preserve  the  same 
distance  between  the  anodes  and  the  spoons  or  forks, 
and,  in  order  to  avoid  all  uncertainty,  the  places  for 
the  rods  of  anodes  and  for  those  supporting  the 
articles,  are  marked  with  a  file.    It  is  evident  that  if 

*  These  anodes  are  plates  of  pure  laminated  silver,  and  should 
be  at  least  as  high  as  the  articles  to  be  silvered.  Their  width  is 
from  3  to  4  centimetres  less  than  that  of  the  trough.  As  it  often 
happens  that  the  laminating  rollers  have  left  upon  the  sihrer 
traces  of  grease  and  of  oxide  of  iron,  the  plates  should  be  heated 
at  a  dull  red  heat  and  cleansed.  A  simple  scouring  in  a  boiling 
caustic  lye  is  often  sufficient. 
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these  equal  distances  be  not  preserved,  the  articles 
nearer  the  anodes  will  be  charged  more  rapidly,  and 
the  total  amount  of  silver  will  not  be  equally  divided. 
We  also  understand  that,  since  we  put  two  rows  of 
objects  between  two  anodes,  the  surfaces  opposite  to 
the  anodes  will  be  covered  more  rapidly;  therefore 
it  is  necessary,  during  the  operation,  to  invert  the 
supporting  rods,  i.  e.,  that  their  extremities  on  the 
side  of  the  trough  towards  the  scale  go  to  the 
other  side.  This  manipulation  is  unnecessary  if  we 
put  only  one  row  of  articles  between,  and  at  equal 
distances  from,  two  silver  anodes. 

Before  being  plunged  into  the  bath,  the  articles 
are  thoroughly  cleansed,  and  amalgamated.  For  the 
rapid  and  easy  handling  of  forks  and  spoons  during 
these  operations,  I  have  invented  a  support  (Fig,  90) 

Fig.  90. 


made  of  gutta  percha,  and  composed  of  a  handle 
fixed  to  a  plate  carrying  twelve  notches  sufficiently 
narrow  at  their  entrance  to  allow  of  the  introduction 
of  the  forks  and  spoons  by  their  edges  only  (sideway). 
From  the  entrance,  the  notches  are  gradually  widened, 
so  that  the  forks  and  spoons  will  stand  by  their  own 
weight.  The  edges  of  the  notches  are  also  bevelled, 
in  order  to  diminish  the  points  of  contact  with  the 
metal. 
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\ ,  When  twelve  spoons  or  forks  have  been  scoured  in 

\  boiling  caustic  lye,  and  passed   through  the  acid 

\.  pickle,  they  are  suspended  to  this  support  and  suc- 

!,  cessively  dipped    into  aqua  .  fortis,  the    compound 

\  acids,   and  the  solution  of  nitrate  of  binoxide  of 

mercury.  Then  by  plunging  the  whole  into  a  large 
tub  of  water,  and  giving  a  jerk  upwards,  all  the 
pieces  fall  from  the  notches. 

This  gutta  percha  suppoi*t  is  scarcely  attacked  by 
the  cleansing  acids,  and  presents  the  advantage  of 
more  rapidity  in  the  operation,  great  cleanliness,  and 
a  sensible  economy  in  slinging  wires  and  in  acids. 
Two  of  these  supports  are  necessary;  one  is  filled 
whil6  the  other  is  passed  through  the  cleansing  acids. 
When  all  the  articles  for  the  same  bath  are  pre- 
pared, they  are  suspended  to  the  rods.  This  labor  is 
made  easy  by  supporting  each  rod  at  its  extremities 
upon  two  long  hooks  fixed  to  the  wall,  and  then 
introducing  each  piece  into  the  hook  of  the  slinging 
wire.  The  work  is  begun  by  the  left  hook,  the 
opening  of  which  is  towards  the  right  side. 

When  a  rod  is  thus  charged,  it  is  seized  by  its 
extremities,  and  the  suspended  articles  are  entirely 
plunged,  first  into  a  very  diluted  solution  of  nitrate 
of  binoxide  of  mercury,  or  simply  of  sulphuric  acid, 
then  into  a  trough  of  fresh  water,  and  lastly  into  the 
silvering  bath.  The  operation  is  the  same  with  the 
other  rods. 

As  soon  as  the  bath  is  filled  with  the  articles,  the 
tare  is  made  in  the  wooden  box  with  any  kind  of 
materials,  weights,  or  lead  shot,  added  until  the 
equilibrium  of  the  beam  is  found,  that  is,  when  the 
index  marks  0.     We  then  remove  the  wooden  rods 
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which  prevented  the  supporting  frame  from  resting 
directly  upon  the  trough. 

The  equilibrium  is  afterwai-ds  broken,  by  placing 
upon  the  intermediary  pan  a  weight  equal  to  that  of 
the  silver  which  we  desire  to  deposit  Following 
the  inclination  of  the  beam,  the  platinum  wire 
attached  to  it  penetrates  the  mercury  held  in  the  iron 
or  steel  cup ;  and  it  is  then  sufficient  to  connect  the 
conducting  wires  with  the  battery,  to  begin  the 
electro-silvering  operation. 

It  is  readily  understood  that,  when  the  articles 
will  have  been  coated  with  a  proportion  of  silver  equal 
to  the  weight  in  the  pan  on  the  other  side  of  the 
beam,  the  equilibrium  will  be  re-established,  and  the 
platinum  wire  will  leave  the  mercury,  thus  severing 
the  electric  circuit,  and  stopping  the' deposit  of  silver, 
just  as  if  one  of  the  conducting  wires  had  been  cut 
ofi: 

The  operation  will  therefore  be  completed  without 
any  watching;  and,  what  is  more,  the  results  will  not 
be  modified,  whatever  be  the  length  of  time  the 
articles  remain  in  the  solution.  Indeed,  an  excess 
of  silver  cannot  be  deposited,  since  there  is  no 
electric  circuit ;  on  the  other  hand,  should  the  bath 
dissolve  a  certain  proportion  of  the  deposited  silver, 
the  articles  become  lighter,  and  the  equilibrium  is 
again  broken,  resulting  in  the  platinum  wire  re- 
entering the  mercury,  and  closing  the  circuit  anew. 
We  have  therefore  a  series  of  oscillations  due  on  the 
one  hand  to  a  slight  excess  of  the  electro-deposit,  and 
on  the  Other  to  its  partial  solution  in  the  cyanide, 
and  the  result  is  that  the  deposited  silver  remains 
within  the  proportions  determined  in  advance. 
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GENERAL  OBSERVATIONS  FOR  KEEPING  IN  ORDER 
THE  ARGTROMETRIO  APPARATUS, 

When  a  silvering  operation  is  complete,  we  should 
carefully  withdraw  the  tare  from  its  box,  in  order  to 
rest  the  supporting  frame  squarely  upon  the  trough, 
without  jerks,  which  may  endanger  the  edges  of  the 
knives.  The  rods  and  articles  may  then  be  removed 
easily. 

The  parts  of  the  apparatus  which  require  the 
greatest  cleanliness  are  the  two  binding  screws 
through  which  the  current  passes,  the  points  of 
contact  of  the  rods  carrying  the  articles  with  the 
supporting  frame,  and  lastly  those  of  the  anode  rods 
with  the  winding  brass  rod  fixed  to  the  trough. 

Acids  should  never  be  used  for  cleansing  any  part 
of  the  apparatus,  and  the  best  substances  for  the 
purpose  are  sand  and  emery  paper,  or,  preferably,  a 
rag  with  finely  powdered  pumice-stone  or  ashes. 

We  should  also  avoid  any  rough  motion  which  is 
injurious  to  the  sharpness  of  the  edges  of  the  knives; 
and  lastly,  the  apparatus  should  not  carry  a  greater 
weight  than  that  for  which  it  is  intended. 

OBSERVATIONS  UPON  ANODES. 

By  watching  attentively  the  behavior  of  the  anodes 
under  the  galvanic  action,  the  operator  will  acquire 
valuable  indications  in  regard  to  the  composition  of 
the  bath,  the  proper  proportion  of  its  component 
parts,  and  the  results  which  he  may  expect. 

Thus,  should  the  anodes  become  Hack  during  the 
passage  of  the  electric  current,  it  is  a  sure  proof  that 
the  solution  contains  too  little  cyanide  of  potassium 
and  too  much  silver.    In  this  case,  the  deposit  is 
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adherent,  but  entirely  too  slow,  and  the  bath  loses 
more  silver  than  it  can  gain  from  the  anodes.  We 
must  then  add,  with  precaution,  cyanide  of  potassium. 

If,  on  the  other  hand,  the  anodes  remain  white 
daring  the  current,  the  proportion  of  cyanide  of 
potassium  is  too  great,  the  deposited  silver  is  often 
without  adherence,  and  the  anodes  lose  more  metal 
than  is  deposited.  The  remedy  consists  in  adding 
the  silver  salt  until  it  dissolves  with  difficulty. 

To  sum  up,  everything  is  in  good  working  order 
when  the  soluble  anodes  become  gray  during  the 
passage  of  the  electricity,  and  white  when  the  cir- 
cuit is  broken. 

The  specific  gravity  of  the  bath  may  vary  from  6° 
to  15^  of  the  Baum6  hydrometer  for  salts,  and  still 
furnish  good  results. 

Beside  the  examination  of  the  anodes,  there  is 
another  simple  and  rapid  process  for  ascertaining  the 
state  of  the  bath,  and  establishing  the  proper  ratio 
between  the  silver  and  the  cyanide.  About  one-fourth 
of  a  litre  of  the  liquor  is  put  into  a  tall  glass;  and  a 
solution  of  10  grammes  of  nitrate  of  silver  in  100 
grammes  of  distilled  water  is  poured  into  the  former, 
drop  by  drop.  If  the  white  precipitate  produced  be 
rapidly  dissolved  by  stirring,  the  liquor  is  too  rich  in 
cyanide,  or  too  poor  in  silver ;  should  the  precipitate 
remain  undissolved,  notwithstanding  a  long  stirring, 
the  liquor  is  too  rich  in  silver  and  too  poor  in  cyanide 
of  potassium.  Lastly,  when  the  precipitate  is  dissolved 
Vut  slowly,  the  liquor  is  in  the  best  condition.  The 
remedy  for  the  first  two  cases  is  obvious. 

A  durable  electro-silvering,  that  is  to  say,  with  a 
thick,  continuous  and  adherent  metallic  deposit,  is  of 
such  importance  at  the  present  day,  that  we  do  not 
17 
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hesitate  to  repeat  again  in  a  synoptic  form,  the 
ten  operations  necessary  for  obtaining  good  results. 
"We  revert  once  more  to  the  silver-electroplating  of 
spoons  and  forks. 

FIBST  OPERATION. 

Boil  the  articles  a  few  minutes  in  a  solution  made 
of— 

Water         .        .        .        .        .        .        .    10  litres 

Caustic  potassa 1  kilogramme 

and  wash  in  fresh  water. 

SECOND  OPERATION. 

Dip  into  a  cleansing  pickle  composed  of — 

Water 10  Utres 

Sulphuric  acid 1  kilogramme 

and  rinse. 

THIRD  OPERATION. 

Plunge  for  a  few  seconds  into  the  following  mix- 
ture:— 

Nitric  acid  at  36^  Baum^,  yellow      •        •      10  kilogrammes 

Common  salt 200  grammes 

Calcined  soot     ......    200         ^* 

and  wash  rapidly  in  running  water. 

FOURTH  OPERATION. 

Dip  rapidly  into  the  following  mixture,  prepared 
the  day  before: — 

Tellow  nitric  acid  at  86^  Baum€  ...      10  litres 
Sulphuric  acid  at  66^  Baum^       .        .        .      10      " 
Common  salt 400  grammes 

and  wash  very  rapidly  in  clean  water.* 

*  Some  operators  substitute  for  these  two  deansings  in  acids, 
a  scouring  with  pumice-stone  dust.  This  method  may  suit  cer- 
tain kinds  of  maiUechort  and  Oerman  silver,  which  are  difficult  to 
cleanse  in  acids,  but  it  is  not  desirable  for  the  metals  easily  cleansed 
by  dipping.  When  certain  coppers  are  spotted  in  aqua  fortis,  the 
defect  is  generally  due  to  an  imperfect  cleansing  in 
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FIFTH  OPERATION. 

Immeree  the  articles  for  a  few  seconds  or  until  they 
are  entirely  whitened,  in  a  solution  of — 

Water 10  litres 

Nitrate  of  binozide  of  mercury      .        .        .    100  grammes 

with  sufficient  sulphuric  acid  and  stirring  for  render- 
ing the  liquor  clear,  and  wash  in  fresh  water. 

SIXTH  OPXBATION. 

Immerse  the  articles  in  the  bath,  under  the  influ- 
ence of  a  weak  current,  and  after  waiting  for  a  quar- 
ter of  an  hour,  examine  carefully  each  supporting  rod. 
K  the  articles  be  covered  regularly  and  without  stains, 
the  operation  is  continued;  on  the  contrary,  should  the 
silver-deposit  be  crystalline  and  stained,  the  pieces 
are  withdrawn,  scratch-brushed,  passed  through  a 
hot  solution  of  cyanide  of  potassium,  rinsed  in  fresh 
water,  plunged  into  the  mercurial  solution,  rinsed 
again,  and  then  replaced  in  the  silver  bath. 

SEVENTH  OPERATION. 

If  the  scale  apparatus  is  not  employed,  the  current 
is  arrested  for  a  few  minutes  before  the  articles  are 
withdrawn  from  the  bath,  in  order  that  the  solution 
may  l*edissolve  the  subsalts  of  silver  deposited  at  the 
same  time  as  the  pure  metal. 

EIGHTH  OPERATION. 

Bemove  from  the  bath,  wash  in  fresh  water,  and 
then  in  a  very  weak  solution  of  sulphuric  acid« 

NINTH  OPERATION. 

Scratch-brush. 

TENTH  OPERATION. 

Burnish  if  desired. 

The  baths  for  electro-silvering  very  large  pieces,  or 
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those  of  variable  patterns,  will  evidently  be  held  in 
appropriate  troughs,  with  soluble  or  insoluble  anodes 
placed  sometimes  in  the  middle,  sometimes  against  all 
the  sides. 

The  articles  removed  from  the  bath  have  a  dead 
lustre,  which  is  crystalline  and  micaceous  when  the 
liquors  are  new,  and  dull  and  earthy  looking  with  old 
solutions.  This  dead  lustre  is  easily  scratched,  and 
becomes  yellow  by  contact  with  the  air.  In  order  to 
preserve  its  freshness,  it  should  be  covered  with  a 
thin  coat  of  colorless  alcohol  varnish.  We  have 
already  seen  that  an  article,  rendered  yellow  by  the 
alteration  of  the  subcyanide  of  silver,  may  be  restored 
to  its  primitive  whiteness  by  the  combined  action  of 
heat,  borax,  and  a  diluted  solution  of  either  nitric  or 
sulphuric  acid;  or,  more  simply,  by  an  immersion, 
without  electricity  and  for  a  few  minutes,  into  a  tepid 
solution  of  cyanide  of  potassium. 


CHAPTEE  XXXVIL 


BURNISHIKG. 


Burniahing. 

Wb  have  given  in  extenso  a  description  of  the 
scratch-brushing  operation,  and  we  have  now  to  do 
the  same  in  regard  to  burnishing. 

We  call  hurnishing  the  operation  by  which  the  as- 
perities and  roughness  of  an  object  are  rubbed  and 
flattened  down  by  a  burnishing  tool,  so  that  all  the 
molecules  of  the  surface  are,  as  far  as  practicable, 
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levelled  to  the  same  plane  which  then  reflects  the  light 
as  does  a  looking-glass  or  a  well-polished  mirror. 

Burnishing  is  therefore  an  important  operation  for 
electro-deposits^  which  are  constituted  by  the  juxta- 
position of  a  multitude  of  small  crystals  with  hollows, 
intervals  between  them,  and  with  facets  reflecting 
the  light  in  every  direction.  There  is,  moreover,  a 
great  advantage  in  laying  down  these  crystals,  and 
thus  closing  the  meshes  of  the  net  presented  by  every 
deposit  by  the  wet  way.  The  deposited  metal  is  at 
the  same  time  hardened,  and  if  we  be  allowed  to  say 
so,  forced  to  penetrate  into  the  pores  of  the  under- 
lying metal.  The  resistance  or  durability  is  thus 
increased  to  such  an  extent,  that  there  is  no  exagge- 
ration in  aflirming  that,  with  the  same  amount  of  sil- 
ver, a  burnished  article  will  last  twice  as  long  as  one 
which  has  not  been  so  treated. 

The  instruments  employed  for  burnishing  are  made 
of  difierent  materials,  and  all  of  them  must  fulfil  the 
requisite  conditions  of  great  hardness  and  a  perfect 
polish. 

Hardened  cast-steel,  agate,  flint,  and  sanguine 
(blood-stone,  a  kind  of  peroxide  of  iron  or  anhydrous 
hematite)  answer  the  purpose.  For  burnishing  me- 
tallic electro-deposits,  steel  and  blood-stones  are  es- 
pecially employed.  There  are  several  qualities  of 
blood-stone,  those  of  the  East,  and  those  of  the  West; 
its  grain  should  be  close,  hard,  and  without  seams  or 
veins ;  it  should  leave  no  white  lines  on  the  burnished 
parts,  nor  take  off  any  metal,  and  its  color  should  be 
of  an  intense  black  red.  As  for  steel,  it  must  have 
fine  and  close  grains,  and  be  perfectly  polished. 
Should  the  polish  of  any  kind  of  burnishing  tool  be- 
come altered  by  use,  it  is  restored  by  friction  upon  a 
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skin  or  leather  attached  to  a  wooden  block,  which  is 
itself  fixed  to  the  bench  by  four  protruding  points  of 
iron.  The  leather  is  covered  with  English  polishing 
rouge  (colcothar,  sesquioxide  of  iron),  in  impalpa- 
ble powder,  or,  preferably,  with  pure  alumina  obtained 
by  the  calcination  of  ammonia  alum  in  a  forge  fire. 
Venetian  tripoli,  rotten-stone,  tin  putty,  emery,  or 
many  other  hard  subetances  in  minute  powder  may 
also  be  employed. 

Nothing  is  more  variable  than  the  shapes  given  to 
burnishing  tools  (Fig.  91).  Some  represent  a  lance. 

Fig.  91. 


a  tooth,  a  knife ;  others  imitate  a  hind's  foot,  the  olive, 
a  half  sphere,  a  dog's  tongue,  etc  etc.  At  all  events 
a  considerable  stock  is  necessary. 

.  The  burnishing  operation  is  divided  into  two  dis- 
tinct parts:  the  first  consists  in  roughing,  and  the 
second  in  finishing.  The  tools  are  also  of  two  kinds : 
the  first  present  quite  a  sharp  edge,  whereas  the  latter 
have  a  rounded  surface.  An  intelligent  worker  will 
not  part  at  any  price  with  a  good  burnishing  tool, 
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since  he  is  so  fully  cognizant  of  its  importance  for 
rapid  and  successful  work. 

The  operation  is  conducted  in  three  different  modes : 
by  hand,  on  the  lathe,  and  by  the  arm.  The  tools  for 
the  hand  or  the  lathe  are  fixed,  by  means  of  copper 
ferrules,  to  wooden  handles,  cylindrical  and  short,  in 
order  that  the  hand  be  not  influenced  by  their  weight. 
On  the  contrary,  the  tools  for  the  arm  or  the  vice  are 
fastened  to  wooden  handles  sufficiently  long  to  rest 
their  slender  part  upon  the  arm  or  the  shoulder, 
whereas  the  stouter  portion  is  grasped  by  the  hand. 

The  burnishing  tools  and  the  objects  are  frequently 
wet  by  certain  solutions,  some  of  which  simply  facili- 
tate the  sliding  of  the  instrument,  while  the  others 
have  a  chemical  action  upon  the  shade  of  the  bur-- 
nished  articles.  The  first  category  comprises  pure 
water,  solutions  of  soap,  decoctions  of  linseed,  and  in- 
fusions of  the  roots  of  marshmallow  or  liquorice ;  the 
second  includes  wine-lees,  cream  tartar,  vinegar,  alum 
in  water,  etc. 

When  we  burnish  the  gold  applied  upon  electro- 
deposits  of  copper  (as  is  the  case  in  gilding  with  a 
dead  lustre  by  that  method),  we  should  simply  wet 
with  saliva,  for  fear  of  producing  a  disagreeable  red 
shade.  A  solution  of  green  soap  is  generally  pre- 
ferred by  operators,  although  when  old  it  imparts  an 
unpleasant  tinge,  due  to  the  sulphides  of  the  liquor. 

When  the  burnishing  is  completed,  the  surface  is 
wiped  off  longitudinally  with  a  soft  and  old  calico  rag ; 
sawdust,  hard  cloth,  and  tissue  paper  produce  streaks. 

It  is  said  that  the  polish  obtained  by  burnishing  is 
hkuikj  when  it  reflects  the  luminous  rays  like  a  mir- 
ror ;  and,  should  the  presence  of  mercury,  or  a  bad 
deposit,  or  any  other  cause  prevent  the  tool  from 
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producing  a  bright  surface,  it  is  said  that  the  object 
is  greasy. 

Articles  which  have  been  previously  polished,  such 
as  steel  mountings  of  carpet  and  lady's  hand  bags, 
and  which  generally  receive  a  mere  pellicle  of  electro- 
deposit,  are  not  burnished,  but  simply  rubbed  with  a 
chamois  skin  and  the  best  quality  of  English  polish- 
ing rouge. 

On  the  other  hand,  too  thick  or  too  rapid  electro- 
deposits  cannot  be  burnished,  but  are  polished  by 
rubbing  with  a  skin  impregnated  with  a  mixture  of 
oil  and  some  hard  powder,  like  pumice-stone,  tripoli, 
tin  putty,  sanguine,  etc.  Coarse  powders  are  used 
at  the  beginning,  and  impalpable  ones  at  the  end  of 
the  operation. 

There  is,  therefore,  a  great  difference  between  pol- 
ishing and  burnishing,  since  the  former  levels  the 
surface  by  removing  the  asperities,  whereas  the  latter 
crushes  and  flattens  them. 

Polished  silver  deposits  are  more  agreeable  to  the 
eye  than  burnished  ones ;  but  the  hardening  of  the 
latter  renders  them  more  durable. 


CHAPTER  XXXVni. 

DISSOLVING  SILYEB  PBOM  SILYEBSD  ABTIOLES. 

Dissohing  Silver  from  Silvered  Articles. 

When  a  silvering  operation  has  failed  from  want 
of  adherence  of  the  deposit,  or  from  a  granular  sur- 
face, or  when  we  desire  to  silver  anew  old  articles,  it 
is  absolutely  necessary  to  dissolve  the  silver  in  order 
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to  restore  the  surface  of  the  copper  to  its  primitive 
state,  and  to  permit  of  its  thorough  cleansing. 

The  operation  is  conducted  in  the  cold  or  with  the 
aid  of  heat. 

For  dissolving  silver  in  the  cold  the  objects  are 
suspended  in  a  large  vessel  filled  with  the  following 
mixture :  Sulphuric  acid  at  66^  Baum4  (concentrated 
oil  of  vitriol),  10  litres ;  nitric  acid  at  40°  Baum6  (con- 
centrated aqua  fortis),  1  litre;  and  they  remain  there 
for  a  greater  or  less  length  of  time,  according  to  the 
thickness  of  the  coat  of  silver  to  be  dissolved. 

This  liquid  presents  the  remarkable  property,  when 
it  does  not  contain  water,  of  dissolving  the  silver 
without  sensibly  corroding  copper  and  its  alloys,  such 
as  bronze,  brass,  maillechort,  German  silver,  pack- 
fong,  similor,  etc.  We  should,  therefore,  avoid  in- 
troducing into  it  wet  articles,  and  should  keep  the 
liquid  perfectly  covered  when  not  in  use. 

As  far  as  practicable,  the  articles  will  be  placed 
in  the  liquid  without  touching  each  other,  and  in  a 
vertical  position,  so  that  the  silver  salt  will  fall  on 
to  the  bottom. 

In  proportion  as  the  action  of  the  liquor  dimin- 
ishes, small  and  gradual  additions  of  nitric  acid  are 
poured  in. 

While  the  process  of  dissolving  silver  in  the  cold  is 

the  more  regular  and  certain,  its  action  is  considered 

too  slow  by  some  operators,  especially  when  the  pro- 

. portion  of  silver  is  great.    The  other  more  rapid 

process  is  then  resorted  to. 

A  flat  pan  of  enamelled  cast-iron  is  nearly  filled 
with  concentrated  sulphuric  acid,  and  the  whole 
brought  up  to  a  temperature  of  from  150°  to  200°  C. 
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Then,  at  the  moment  of  using  it,  pinches  of  dry  and 
pulverized  nitrate  of  potassa  (saltpetre)  are  thrown 
into  it,  and  the  article,  held  with  copper  tongs,  is 
plunged  into  the  liquid.  The  silver  is  rapidly  dis- 
solved, and  the  copper  or  its  alloys  is  but  slightly 
corroded. 

According  to  the  rapidity  of  the  solution  more  or 
less  pinches  of  saltpetre  are  added.  We  ascertain 
that  all  the  silver  has  been  dissolved,  when,  ofb&r 
rinsing  in  water  and  dipping  the  articles  into  the 
cleansing  acids,  they  present  no  brown  or  black 
spots,  or,  in  other  words,  when  they  appear  like  new 
metals. 

These  two  methods  aire  not  suitable  for  removing 
the  silver  from  wrought  and  cast-iron,  zinc,  or  lead ; 
it  is  preferable  to  invert  the  electric  current  in  a 
cyanide  bath,  or  to  use  mechanical  processes. 

Old  desilvering  (stripping)  liquors  become  green 
after  a  certain  length  of  use,  and,  in  order  to  recover 
the  silver,  they  are  diluted  with  four  or  five  times 
their  volume  of  water  before  we  add  to  them  hydro- 
chloric acid  or  common  salt.  We  ascertain  that  the 
precipitation  is  complete  when  the  settled  liquid  does 
not  become  tarbid  by  a  new  addition  of  common  salt 
or  hydrochloric  acid. 

The  resulting  chloride  of  silver  is  separated  from 
the  liquid  either  by  decantation  or  filtration,  and  is 
afterwards  reduced  to  the  metallic  state  by  one  of 
the  methods  to  be  hereafter  indicated. 
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CHAPTER  XXXIX 

BESIST8  AND  BESEBYES. 

Resists  and  JReserves. 

We  call  reserves  or  reserving  the  manipulation  by 
which  certain  parts  of  a  metallic  article  (which  may 
be  already  covered  with  an  electro-deposit  on  its 
whole  surface),  is  coated  with  another  metal.  For 
instance,  if  we  gild  the  parts  in  relief  of  an  object 
the  body  of  which  is  silvered,  we  make  a  gold  reserve; 
and  conversely,  a  sUver  reserve  will  be  the  silvering 
of  certain  parts  of  a  body  already  gilt.  This  opera- 
tion is  very  easy,  and  simply  requires  a  little  practice 
and  care,  and  especially  a  firm  hand  to  make  thin 
lines  with  the  hair  pencil. 

After  having  thoroughly  scratch-brushed  and 
wiped  off  the  object,  the  parts  which  are  intended 
to  remain  with  the  primitive  color  are  covered  by 
means  of  a  brush  with  a  resist  varnish,*  which  is 
dried  in  the  air,  or  in  a  stove,  or  upon  a  gentle  fire 

*  Resist  or  reserre  varnishes  are  generally  solutions,  in  boiled 
linseed  oil  or  essence  of  turpentine,  of  certain  resins,  like  copal, 
elemi,  gallipot,  etc.;  and,  as  these  varnishes  are  not  sufficiently 
colored  to  distinguish  the  places  where  they  have  been  laid  on, 
they  are  mixed  with  a  certain  proportion  of  red  lead,  orange 
mineral,  or,  preferably,  chrome  yellow  (chromate  of  lead),  which 
at  the  same  time  enhances  their  drying  properties.  The  colora- 
tion of  the  resist  varnish  may  also  be  produced  with  artificial 
nltramarine  or  Prussian  blue. 
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until  it  no  longer  sticks  to  the  fingers.  The  object 
is  then  ready  to  be  put  into  the  batlu 

It  is  evident  that  the  galyanic  deposit  will  coat 
only  those  parts  unprotected  by  the  varnish.  As  far 
as  practicable,  the  temperature  of  the  bath  should  be 
low,  and  the  current  weak,  for  fear  of  having  frayed 
lines  where  the  deposit  touches  the  varnish,  from  the 
latter  becoming  softened  or  from  gaseous  bubbles 
which  are  disengaged  at  the  negative  pole  under  the 
action  of  a  strong  electric  current.  When  the  deposit 
is  completed,  the  resist  varnish  is  removed  with  warm 
essence  of  turpentine,  and  afterwards  with  tepid  al- 
cohol ;  but  it  is  preferable  to  use  gaseine  or  benzole, 
which  dissolve  rapidly,  and  in  the  cold,  nearly  all 
resinous  and  fatty  bodies,  and  which  volatilize 
readily.  The  varnish  may  also  be  destroyed  by  a 
brief  immersion  in  concentrated  sulphuric  acid  when 
cold. 

It  quite  often  happens  that  several  colors  and 
metals  are  associated  upon  the  same  object,  such  as 
silver  with  both  a  bright  and  a  dead  lustre,  and 
yellow,  green,  red,  white,  or  pink  golds,  and  pla- 
tinum, etc.  To  the  artist  will  belong  the  choice  of 
the  dispositions  which  will  appear  the  most  pleasing. 
We  have  already  stated  in  the  chapter  on  resists, 
which  follows  the  gilding  processes,  that  such  var- 
nishes were  employed  for  avoiding  the  deposit  of  the 
precious  metals  upon  those  parts  which  do  not  need 
them. 
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CHAPTER  XL. 

OLD  SILVKBINO— OXIDIZED  SILVER  (ooyydf) — DEEP 

BLACK. 

The  articles  silvered  by  the  wet  way  may  acquire 
a  paiine  or  antique  appearance  by  various  methods, 
and  among  them  the  old  silver  and  oxydS. 

Old  Silvering. 

It  is  an  operation  which  consists  in  imparting  to 
silvered  articles,  certain  tinges  resembling  those  of 
old  artistic  productions  made  of  solid  silver.  For 
instance,  the  groundwork  and  hollow  portions  which 
are  not  subject  to  friction,  are  covered  with  a  blackish 
red  and  earthy  coat,  whereas  the  parts  in  relief 
remain  with  a  bright  lead  lustre. 

This  operation  is  very  simple.  A  thin  magma 
of  finely  powdered  plumbago  (black  lead)  with 
essence  of  turpentine  (to  which  a  small  proportion  of 
sanguine  or  red  ochre  is  sometimes  added,  for  imi- 
tating the  copper  tinge  of  certain  old  silverware),  is 
smeared  all  over  the  articles.  After  drying,  a  gentle 
rubbing  with  a  soft  brush  removes  the  parts  without 
adherence;  and  the  reliiefs  are  set  off  (discharged) 
by  means  of  a  rag  dipped  into  alcohol.  Old  silver 
is  of  a  pleasing  appearance  upon  objects  imitating 
old  cups,  chandeliers,  vases,  statues,  etc. 

Old  silver  is  easily  removed,  and  the  primitive 
brightness  of  the  metal  restored,  by  a  hot  solution  of 
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caustic  potasBa  or  cyanide  of  potassium.  Benzole 
may  also  be  employed. 

In  order  to  impart  the  old  silver  tinge  to  small 
articles,  stich  as  buttons,  rings,  etc,  they  are  jerked 
in  the  above  magma,  and  rubbed  in  a  bag  with  a 
large  quantity  of  dry  sawdust  from  fir-wood,  until 
the  desired  shade  is  obtained. 

A  great  many  operators,  at  the  present  day,  pro- 
duce the  old  silver  by  beginning  with  the  oxydi  and 
setting  off  the  reliefe  by  means  of  a  hard  brush  and 
pumice-stone  or  Spanish  white.  This  last  process  is 
nearly  exclusively  used  for  metallic  mountings  of 
albums. 

Oxidized  Silver  (Oxyd6). 

This  term  is  entirely  incorrect,  since  it  is  not  an 
oxidization,  but  a  combination  with  sulphur  or 
chlorine.  If  we  have  retained  the  word,  it  is  because 
it  is  the  popular  one. 

Every  one  knows  that  sulphur,  soluble  sulphides, 
and  hydrosulphuric  acid  (sulphuretted  hydrogen) 
blacken  silver.  This  phenomenon  is  seen  every  day 
by  the  action  upon  this  metal  of  old  eggs,  rank  gases, 
etc.  It  is  also  known  (and  photography  is  based 
upon  this  phenomenon)  that  insoluble  silver  salts, 
and  particularly  the  chloride  of  this  metal,  rapidly 
blacken  by  solar  light. 

It  is  thus  easy  to  blacken  silver,  and  consequently 
to  obtain  the  oxydi,  by  its  contact  with  one  of  the 
indicated  reagents.  We  may  use  vapors  of  sulphur, 
hydrosulphuric  acid  free  or  combined,  liver  of  sulphur 
or  other  poly  sulphides,  hypochlorite  of  lime  (bleach- 
ing powder),  or  Javel  water.  In  the  majority  of  cases, 
heat  will  be  required  to  render  more  rapid  the  action 
of  these  substances. 
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The  operation  is  generally  conducted  as  follows : — 

Four  or  five  thoasandths,  that  is  to  say,  4  or  5 
grammes  per  litre,  of  hydrosulphate  of  ammonia,  or, 
preferably,  of  quintisulphide  of  potassium  (liver  of 
sulphur)  are  added  to  ordinary  water  brought  up  to 
a  temperature  of  70°  to  80°  C-  As  soon  as  the 
articles  are  dipped  into  this  solution,  they  become 
covered  with  an  iridescent  pellicle  of  silver  sulphide, 
which,  after  a  few  seconds  more  in  the  liquid,  becomes 
blue  black.  The  article  is  there  removed  from  the 
water,  rinsed,  scratch-brushed,  and  burnished  when 
so  desired. 

We  should,  as  far  as  practicable,  immediately  use 
the  freshly  prepared  liquors,  otherwise  the  prolonged 
heat  will  precipitate  too  much  sulphur,  and  the 
deposit  will  be  wanting  in  adherence  to  such  an 
extent  that  it  may  be  removed  with  the  finger,  leaving 
after  it  a  red  tinge  resembling  copper,  although  the 
material  may  be  brass  or  German  silver.  Moreover, 
ah  oxyd6  obtained  in  freshly  prepared  liquors  is 
always  brighter  and  blacker  than  that  produced  in 
old  solutions,  which  is  always  dull  and  gray. 

If  the  coat  of  silver  be  too  thin,  and  the  liquor  too 
strong,  the  alkaline  sulphide  dissolves  the  silver,  and 
the  underlying  metal  (copper,  etc.)  appears.  In  this 
case,  we  are  obliged  to  cleanse  and  silver  again,  and 
to  use  a  weaker  blackening  solution. 

The  silvering  obtained  by  cold  rubbing  and  with 
the  paste  already  described,  takes  the  oxyd^  color 
well. 

Oxidized  parts  and  gilding  are  often  put  upon  the 
same  article  by  the  following  method:  After  the 
whole  surface  has  been  gilt,  certain  portions  are 
reserved  by  covering  with  the  resist  varnish  in  order  to 
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silver  the  remainder.  Should  the  process  of  silvering 
by  paste  and  cold  rubbing  be  employed,  the  gilding 
should  be  very  pale,  because  it  is  not  preserved,  and 
is  deeply  reddened  by  the  sulphur  liquor. %  When 
this  inconvenience  occurs  from  a  too  concentrated 
liquor,  it  is  partly  remedied  by  rapidly  washing  the 
article  in  a  tepid  solution  of  cyanide  of  potassium. 

The  oxyd6  by  sulphur,  we  have  said,  is  blue  black. 
For  the  past  six  years  another  coloring  called  deep 
hldckj  has  been  substituted  for  it,  and  is  directly 
obtained  upon  cleansed  copper.  The  manipulation 
is  very  simple,  and  is  as  follows :  from  100  to  150< 
grammes  of  blue  ashes  (hydrocarbonate  of  copper) 
are  dissolved  in  a  sufficient  quantity  of  aqua  ammonia, 
and  the  cleansed  coppers  are  rapidly  plunged  into 
this  solution,  cold  or  tepid,  where  they  become 
instantaneously  covered  with  a  fine  black  deposit. 
This  coat  is  so  thin  that  burnished  articles  look  like 
varnished  black. 

The  oxyd6  is  intended,  in  many  cases,  as  a  sub- 
stitute for  the  niel,  and  since  we  have  named  this 
kind  of  work,  we  shall  have  to  indicate  briefly  the 
process  of  obtaining  it. 


CHAPTEE  XLI. 

NTEL,  OR  NIBLLEB  SILYEB. 

JVicZ,  or  NidUd  Silver. 

This  product,  which  still  bears  the  name  of  the 
inventor,  is  truly  a  kind  of  inlaid  enamel  work,  and 
is  obtained  by  the  sulphuration  of  certain  parts  of  a 
silver  object.      But  this    sulphuration,   instead  of 
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being  direct  as  the  previous  one,  is  made  by  inlaying 
the  silver  sur&ce  with  a  sulphide  of  the  same  metal 
prepared  beforehand* 

After  having  prepared  the  niel^  an  operation  which 
consists  in  forming  a  triple  sulphide  of  silver^  lead, 
and  copper,*  and  reducing  it  to  a  fine  powder,  which 
is  mixed  with  a  small  proportion  of  a  solution  of  sal 
ammoniac,  the  artist  hollows  out  the  engraving  upon 
a  silver  surface,  and  covers  the  whole,  hollows  and 
reliefs,  with  the  niel  composition.  The  article  is  then 
heated  in  a  muffle  until  the  composition  melts,  and 
becomes  soldered  to  the  metal.  The  pattern  is 
uncovered  by  a  level  polish,  when  the  silver  will 
appear  as  over  a  black  ground. 

This  method  is  costly,  since  each  article  must  be 
engraved.    The  arts  have  called  to  their  aid  another 

^  For  preparing  the  niel,  a  certain  proportion  of  sulphur  is 
introduced  into  a  stoneware  retort  or  a  deep  crucible.  On  the 
other  hand,  a  certain  quantity  of  silver,  copper,  and  lead  is  heated 
in  another  crucible,  and  when  melted  is  poured  into  the  fused 
sulphur,  which  transforms  these  metals  into  sulphides.  A  smaU 
portion  ojT  sal  ammoniac  is  then  added,  and,  after  being  removed 
from  the  balloon,  crucible,  or  retort,  the  product  is  pulverized 
and  ready  for  use. 

Here  are,  however,  the  proportions  indicated  by  Mr.  Mackenzie, 
who  has  paid  much  attention  to  the  subject : — 

First  crucible.  Flowers  of  sulphur     •        •        150  grammes 

Sal  ammoniac      ...  75         ^^ 

Second  crucible,  which,  after  fusion,  is  poured  into  the  first :-« 

Silver 15  grammes 

Copper 40        " 

Lead 80        « 

TVe  consider  that  it  would  be  preferable  to  diminish  the  pro- 
portion of  lead,  the  sulphide  of  which  impairs  the  blue  shade  of 
the  niel,  and  corrodes  too  deeply. 

18 


rt« 
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I  and  a  cheaper  process,  which  consists  in  engraving  in 

I  relief  a  steel  plate,  and  compressing  it  against  a 

^  silver  plate  between  two  hard  bodies.     The  copy  is 

^  therefore  hoHow,  and  is  ready  to  receive  the  niel. 

I  A  great  many  copies  may  be  obtained  from  the  same 

matrix. 
t  Such  is  the  method  by  which  a  quantity  of  nielled 

I  articles  are  manufactured,  such  as  so-called  Bnssian 

snuff-boxes,  cases  for  spectacles,  sugar-plum  boxes, 
[  etc. 

L  Nielled  silver  is  generally  sold  at  about  10  cents 

r  per  gramme,  and  at  such  a  price,  the  weight  of  the 

article  must  be  suflBlciently  great  to  pay  for  the  labor. 
•  "Would  it  not  be  possible  to  obtain  the  niel  by  the 

following  process :  a  drawing  or  pattern  cut  upon  thin 
paper,  like  lace  paper,  is  dipped  into  a  thin  paste  of 
niel  composition,  or  into  a  concentrated  solution  of 
some  sulphide,  and  then  applied  upon  a  plate  of  silver 
which  is  afterwards  heated  in  a  mufie.  The  heat 
will  destroy  the  organic  substance,  and  a  pattern  will 
remain  formed  by  the  composition  absorbed  by  the 
paper.  Artists  and  manufacturers  may  try  the  pro- 
i^ess,  if  they  think  it  sufGlciently  valuable. 


CHAPTER  XLIL 


PLATINUM  DEPOSITS. 


Platinum  Deposits. 

In  the  year  1846, 1  had  discovered  and  patented 
the  first  platinum  bath  capable  of  furnishing  deposits 
4)f  any  desired  thickness.    The  former  attempts  had 
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simply  resulted  in  a  mere  film  of  platinum  upon 
copper  and  its  alloys.  In  1847, 1  presented  to  the 
king,  Louis  Philippe,  a  ewer  and  its  basin,  upon  which 
I  had  deposited  about  400  grammes  of  pure  platinum, 
tjertain  parts  of  which  remained  with  a  dead  lustre, 
while  the  others  were  burnished.  The  basin  had  in 
the  centre  a  large  medal,  around  which  was  written : 
First  vase  with  thick  platinum  electro-deposit^  hy  Hose- 
leur  and  Lanaux  (the  latter  was  my  partner,  and 
school  fellow  at  the  laboratory  of  the  school  of  medi- 
cine). 

Ifotwithstanding  the  early  date  of  our  discovery, 
the  publicity  given  to  our  patent  which  was  oflfered 
without  royalty  to  the  public,  and  the  complete  de- 
scription of  the  process  in  our  first  edition,  it  is  only 
seven  or  eight  years  since  platinum  deposits  have 
found  favor,  and  taken  rank,  in  the  arts. 

Platinum  Deposits  by  Dipping. 

Copper  and  its  alloys  will  alone  receive  a  satisfac- 
tory platinum  deposit;  iron,  zinc,  lead,  and  tin, 
coated  with  this  metal,  and  even  after  a  previous 
coppering,  give  but  defective  results. 

The  platinum  deposits  are  obtained  either  by  simple 
dipping,  or  by  galvanic  action.  In  the  former  case, 
satisfactory  results  are  obtained  by  immersing 
thoroughly  cleansed  copper  articles  in  the  following 
solution,  kept  boiling : — 

DistiUed  water 1000  grammes 

Caustic  soda 120        ^^ 

Platinum  for  neutral  chloride    .        •  10        '^ 

The  deposit  is  bright,  quite  durable,  but  of  a  dark 
color  resembling  oocydSy  or  sulphuretted  silver. 
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Thin  Platinum  Eleclra^eposits. 

The  platinum  baths  suitable  for  electro-deposits 
are  very  numerous ;  indeed,  they  will  succeed  when 
the  chloride  of  platinum  is  dissolved  in  a  solution 
of  a  salt  with  alkaline,  neutral,  or  acid  reaction. 
Nevertheless,  the  sulphites  and  cyanides,  even  those 
having  soda  for  base,  should  be  excepted.  Thus,  the 
following  formulsB  will  give,  by  the  aid  of  heat  and 
electricity,  platinum  deposits  quite  pleasing  in  ap- 
pearance : — 

FivBt  Formula. 

Distilled  water 1000  grammes 

Carbonate  of  Boda     •        •        .        .  400        ^^ 

Platinum  for  neutral  chloride    .        •  10        ^ 

Temperature  of  the  bath,  from  70^  to  80°  C. 

Second  Formula. 

Distilled  water 1000  grammes 

Phosphate  or  borate  of  soda     •        •  600        ^^ 

Platinum  for  neutral  chloride    •        .  10        ^^ 

Third  Formula. 

Distilled  water 1000  grammes 

Pyrophosphate  of  soda,  or*chloride  or 

iodide  of  sodium    •        .        •        •  800         ^' 

Platinum  for  dry  chloride         •        .  10         ^^ 

These  various  formulsB  are  open  to  the  inconve- 
nience of  allowing  of  only  exceedingly  thin  deposits, 
since  if  the  coating  were  permitted  to  go  on  increas- 
ing most  of  it  would  be  without  adherence,  and  often 
in  the  form  of  scales.    The  deposit  is  black  or  steel 

gray. 

On  the  other  hand,  here  is  a  bath  which,  when 

properly  operated  upon,  will  permit  of  the  deposit  of 
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any  quantity  of  platinum  upon  the  same  surface,  and 
with  a  color  and  lustre  exactly  the  same  as  those  of 
the  platinum  articles  found  in  the  arts. 

Thick  Platinum  Electro-deposits. 

A  glass  flask  is  filled  with  10  grammes  of  finely 
laminated  platinum  (spongy  or  black  platinum  is  pre- 
ferable), and  a  mixture  of  150  grammes  of  hydrochlo- 
ric acid  and  100  grammes  of  nitric  acid  at  40^  Baum6. 
It  is  then  put  upon  a  piece  of  sheet-iron  perforated 
in  the  centre,  so  that  the  bottom  of  the  flask  alone 
receiyes  the  heat.  After  an  abundant  production  of 
orange-yellow  fumes,  the  platinum  disappears,  and 
there  is  left  a  red  liquid  which  should  be  heated 
until  it  becomes  viscous  enough  to  stick  against  the 
sides  of  the  flask.  This  latter  part  of  the  operation 
may  be  effected  in  a  porcelain  dish,  the  shallow  form 
of  which  aids  in  the  evaporation  of  the  acids  in  excess. 
After  cooling,  the  residuum  is  dissolved  in  500 
^ammes  of  distilled  water,  and  filtered  if  necessary. 

On  the  other  hand,  100  grammes  of  phosphate  of 
ammonia  are  dissolved  in  500  grammes  (^  litre)  of 
distilled  water,  and  the  two  solutions  are  mixed. 
There  is  produced  an  abundant  precipitate  of  phos- 
phate of  ammonia  and  platinum  in  a  liquid  of  orange 
color,  which  should  not  be  separated,  and  into  which 
we  pour,  stirring  all  the  while,  another  solution  of  500 
grammes  of  phosphate  of  soda  in  1  litre  of  distilled 
water. 

The  mixture  is  made  to  boil,  and  the  evaporated 
water  replaced,  until  no  more  ammonia  is  disengaged, 
which  is  ascertained  by  the  smell;  and  until  the 
liquor,  which  was  previously  alkaline,  begins  to  redden 
blue  litmus  paper.    By  the  reactions  which  take 
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place,  the  yellow  liquor  becomes  colorless,  which  in- 
dicates the  formation  of  a  double  platinum  salt. 

The  bath  is  then  ready  to  deposit  platinum  upon 
articles  of  copper  or  its  alloys,  by  the  aid  of  heat  and 
of  a  quite  intense  electric  current. 

Copper  dishes  which  I  coated  with  platinum  re- 
sisted twenty  evaporations  of  nitric  and  sulphuric  acids 
alternately  employed,  but  at  last  they  were  corroded. 

Any  contact  of  iron,  zinc,  lead,  or  tin  with  the 
bath  will  decompose  it,  and  the  deposited  metal  will 
be  black  and  pulverulent. 

The  dead  lustre  of  platinum  is  pearl -gray ;  it  is 
very  hard,  and  cannot  be  made  bright  by  scratch- 
brushes  of  brass,  which  render  its  surface  yellow. 
Iron  wires  or,  preferably,  powdered  pumice-stone 
should  be  employed. 

Platinum  deposits  may  be  bui*nished  by  an  ener- 
getic friction,  and  the  lustre  obtained  is  very  durable. 

As  most  of  the  platinized  articles,  such  as  chande- 
liers, fire  grates,  lamps,  etc.,  have  a  thin  platinum 
deposit,  they  are  generally  burnished  before  the  coat- 
ing. After  the  operation,  they  are  rubbed  with  Eng- 
lish polishing  rouge  and  chamois,  and  the  difficulty 
of  burnishing  platinum  itself  is  avoided. 

We  should  not  forget,  even  with  platinum,  that  all 
the  electro-deposits  are  but  nets,  the  meshes  of  which 
are  made  smaller  by  the  superposition  of  coats,  but 
which  can  never  be  made  entirely  impervious.  There- 
fore, and  notwithstanding  the  above-stated  experi- 
ment, we  cannot  hope  to  obtain  by  electro-deposits  in- 
struments as  durable  as  those  made  of  forged  platinum. 

Platinum  deposits  may  be  removed  from  copper  by 
a  very  long  immersion  in  the  liquors  indicated  for 
ungilding,  but  the  success  is  not  certain. 
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CHAPTEE  XLIII. 

DEPOSITS  OP  NICKEL — ^ZINO — ^IRON — STEEL — ANTI- 
MONT — ^BISMUTH  AND  LEAD — COLOBED  (bLEOTRO- 
CHBOMIO)  BINGS. 

We  have  now  completed  the  list  of  electro-deposits 
of  those  metals  which  are  more  generally  employed 
in  the  arts.  We  shall  finish  the  first  part  of  this 
work  with  the  most  simple  and  certain  methods  of 
depositing  other  metals  of  secondary  importance, 
which  may,  nevertheless,  be  serviceable  for  artistic 
or  nsefal  applications. 

We  shall  now  rapidly  describe  the  various  opera- 
tions, which  we  have  performed  ourselves,  for  obtain- 
ing electro-deposits  of  nickel,  lead,  zinc,  iron,  and 
antimony. 

Deposits  of  Nickel. 

Nickel  deposited  by  the  wet  way  is  whitish  with 
a  slightly  yellow  tinge,  resembling  the  alloy  for 
cymbals.  Its  dead  lustre  is  dull  and  pearl-gray,  and 
is  easily  obtained  by  dissolving  the  nitrate  of  nickel 
in  its  own  weight  of  ammonia,  and  diluting  the  whole 
with  20  or  30  times  its  volume  of  liquid  bisulphite 
of  soda,  marking  about  24^  Baum6. 

This  application  is  without  industrial  uses,*  since 

*  Since  the  above  was  written,  nickel  plating  lias  taken  a  place 
in  the  arts,  and  is  found  useful  whenever  articles  require  to  be  pro- 
tected against  the  oxidizing  action  of  damp  or  salt  air,  sulphurous 
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nickel  costs  about  five  times  as  much  as  copper,  and 
presents  the  same  disadvantages,  including  poisonous 
properties. 

Deposits  of  Zinc. 

Zinc  is  easily  deposited  by  the  wet  way  and  by 
the  battery.  The  color  of  its  dead  lustre  is  gray 
bluish-white. 

When  a  soluble  zinc  salt  is  precipitated  by  am- 
monia, and  the  precipitate  redissolved  in  an  excess  of 
alkali,  we  obtain  a  bath  which  gives  quite  satis&c- 
tory  results. 

It  is  also  possible  to  dissolve  any  kind  of  zinc  salt 
in  cyanide  of  potassium  or  a  soluble  sulphite. 

gaees,  and  weak  acids.  Dental  forceps,  fire  grates,  lanterns,  stair- 
rods,  spoons  and  forks,  mountings  for  guns  and  pistols,  door 
plates,  sewing  machine  parts,  etc.  etc.,  are  now  nickel  plated. 
Electrotypes  of  this  metal  are  said  to  stand  the  wear  and  tear 
caused  by  ink  and  press  much  better  than  the  ordinary  copper 
ones. 

The  Star  Nickel  Plating  Works,  No.  428  Walnut  Street,  Phila- 
delphia,  which  we  have  had  occasion  to  visit,  work  under  the 
patent  of  Dr.  Isaac  Adams,  that  is,  with  double  salts  of  nickel, 
such  as  the  double  sulphates  or  hydrochlorates  of  nickel  and  am- 
monia. It  is  considered  necessary  for  the  success  of  the  opera- 
tion to  have  neutral  baths,  and  salts  of  a  perfectly  constant  com- 
position. 

The  baths  are  like  ordinary  electro-plating  baths,  with  separate 
batteries,  and  soluble  anodes  of  nickel  plates.  The  operation 
for  medium  sized  articles  lasts  about  twelve  hours. 

The  cleansing  methods  vary  with  the  nature  and  composition 
of  the  objects;  but  grinding-wheels,  pumice-stone,  etc.,  are  often 
employed,  since  a  great  many  articles  to  be  nickel  plated  are  of 
iron  or  steel,  which  do  not  stand  the  acids  well,  and  often  require 
to  be  polished  beforehand. 

The  polished  nickel  plated  wares  have  a  bright  lustre  interme- 
diary between  that  of  silver  and  that  of  steel. — Tran9. 
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These  zinc  deposits  by  the  wet  way  are  entirely 
different,  as  regards  the  operation  and  the  durability, 
from  the  methods  of  so-called  galvanization^  by  which 
cleansed  iron  is  plunged  into  a  bath  of  molten  zinc, 
and  becomes  protected  against  oxidization  for  a  long 
time,  which  is  not  the  case  with  electro-deposited  zinc. 
A  few  gilders  employ  this  deposited  metal,  the  dead 
lustre  of  which  imitates  chased  aluminium;  but  it 
becomes  tarnished  entirely  too  soon. 

Deposits  of  Iron  and  Steel. 

Iron  may  also  be  deposited  by  the  wet  way ;  but 
the  product  is  very  easily  oxidized.  It  is  obtained 
by  decomposing  by  the  battery  a  perfectly  neutral 
protochloride  of  iron.  This  bath  is  rapidly  altered 
by  contact  with  the  air,  and  is  transformed  into  ses- 
quichloride,  which  is  unsuited  to  our  purpose.  A 
few  operators  have  tried  the  double  chloride  of  iron 
and  ammonium  remaining  in  the  liquor  after  an  im- 
perfect precipitation  of  the  iron  by  ammonia.  This 
solution  did  not  appear  to  me  better  than  that  pre- 
viously described.  The  double  chloride  of  iron  and 
ammonium,  obtained  by  the  protracted  ebullition  of  a 
solution  of  chloride  of  ammonium  (sal  ammoniac) 
upon  iron  filings,  produces  a  very  thin  deposit  of 
iron,  very  difficult  to  oxidize,  and  so  hard  that  the 
improper  name  of  steel  was  given  to  it.  It  is  em- 
ployed for  hardening  the  surface  of  engraved  plates 
or  of  ordinary  electrotypes.* 

*  Double  sulphates  of  iron  and  ammonia,  or  of  iron  and  potassa, 
mnd  double  chlorides  of  the  same  bases,  appear  to  have  been  sue- 
oessfnlly  used  for  electro-deposits  of  iron. —  Tranz. 
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Deposits  of  Antimony. 

Electro-deposited  antimony  possesses  all  the  bright- 
ness of  polished  cast-iron.  Its  dead  lustre  is  a  slate 
gray,  and  it  may  be  easily  scratch-brushed  and  pol- 
ished; however,  during  the  last  operation,  the  tool 
slides  as  upon  a  slightly  greasy  substance.  It  re- 
sembles black  platinum  and  the  oxyd^,  and  may  ad- 
vantageously take  the  place  of  either  in  many  cases. 

Such  deposits  are  obtained  by  boiling  for  about  one 
hour,  and  in  a  porcelain  dish  or  in  an  enamelled  cast- 
iron  vessel,  the  following  substances : — 

Water 10  litres 

Carbonate  of  soda         ....    2000  grammes 
Sulphide  of  antimony,  finely  powdered      500        ^' 

The  boiling  solution  is  filtered  through  paper  or  a 
fine  cloth,  and  by  cooling,  deposits  a  reddish-yellow 
powder  of  Tcermes  or  oxy sulphide  of  antimony.  This 
powder  is  again  boiled  in  the  same  liquor,  and  the 
new  solution  is  the  antimony  bath.  It  is,  therefore, 
necessary  to  use  the  bath  constantly  boiling.  For  the 
anode  we  use  either  a  plate  of  antimony  or  a  platinum 
wire. 

Deposits  of  Bismuth. 

'  I  have  vainly  tried  many  reagents  for  keeping  the 
bismuth  in  the  state  of  a  soluble  double  salt,  which 
could  be  reduced  by  galvanic  action.  I  call  the  at- 
tention of  savans  and  operators  to  this  point. 

Deposits  of  Lead. 

They  are  obtained  by  means  of  the  plumbite  of 
potassa  or  soda,  which  is  prepared  by  the  protracted 
ebullition  of  10  grammes  of  protoxide  of  lead  (lith- 
arge, massicot)  in  100  gi*ammes  of  caustic  potassa  or 
soda,  dissolved  in  2  litres  of  distilled  water. 
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The  lead  deposits  may  be  compared  to  those  of  zinc, 
as  regards  their  results  and  uses. 

The  same  bath  may  be  used  for  the  demonstration 
of  a  very  remarkable  application  of  electricity  to 
metallic  deposits.  Indeed,  we  may  produce  with  it 
those  magnificent  iridescent  colorations  upon  metals 
called  the  colored  rings  of  iNTobili,  and  fi:om  which  has 
sprung  the  etectro-ckromic  art. 

Colored  (Mectro- Chromic)  Hings. 

With  a  solution  of  plumbite  of  soda  and  a  battery 
we  may,  at  will,  paint  a  given  metallic  surface  with 
the  richest  colors  of  the  prism  and  of  the  rainbow, 
and  successively  transform  the  colors  already  ob- 
tained into  those  of  the  solar  spectrum.  We  simply 
need  to  invert  the  electric  current,  that  is  to  say, 
attach  the  articles  to  the  positive  pole,  and  connect 
the  pole  zinc  with  a  platinum  anode. 

The  mode  of  operating  is  as  follows : — 

After  the  bath  of  plumbite  of  soda  has  cooled  off, 
the  metallic  or  metallized  article,  connected  with  the 
positive  pole,  is  dipped  into  it.  Then  the  platimim 
wire,  communicating  with  the  negative  pole,  is  gra- 
dually introduced  into  the  liquor  without  touching 
the  article.  We  immediately  see  the  latter  colored 
with  various  shades ;  the  yellow  is  the  first,  but  all 
of  them  become  dark  or  are  entirely  transformed, 
accordingly  as  we  dip  the  platinum  wire  more  or  less. 
We  may  thus  vary  ad  infinitum  these  plays  of  light, 
which  are  due  to  the  variability  in  thickness  of  the 
deposits  of  plumbic  acid  or  oxidized  lead.  Too  much 
intensity  in  the  current  will  hide  all  the  various  tinges 
under  a  uniform  dark  brown  coat. 

These  colorations,  which  resist  friction  quite  well, 
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have  been  at  first  called  colored  ringSy  although  they 
rarely  present  a  concentric  form. 

When  an  article  is  unsatisfactory  in  its  coloration, 
it  is  rapidly  dipped  into  aqua  fortis,  which  dissolves 
the  oxide  of  lead,  and  restores  the  metallic  surface  to 
its  primitive  state. 

A  few  years  ago  I  applied  the  electro-chromic  pro- 
cesses to  the  decoration  of  stonewares  and  porcelains 
previously  coated  with  platinum,  as  indicated  in  the 
chapter  on  Gilding  by  Dipping.  The  results  were 
sufficiently  satisfactory  to  find  their  application  in 
many  ceramic  wares. 

"Watch-dials  and  hands  are  thus  colored  in  Switzer- 
land, and  bells,  etc.  in  France.  A  skilfal  person 
might,  by  the  same  processes,  impart  to  certain  pro- 
ductions of  bronze  the  natural  colorations  of  the  re- 
presented objects,  for  instance,  scarabei,  and  other 
insects  with  glaring  colors. 

While  the  article  is  colored  by  the  oxide,  a  part  of 
the  metallic  lead  is  deposited  upon  the  anode  in  the 
shape  of  small  cubic  crystals,  which  have  no  adherence 
either  with  themselves  or  with  the  platinum  wire. 
This  want  of  adherence  is  explained  by  the  very  small 
volume  of  the  anode  compared  with  the  colored  sur- 
faces. 

Note. — Other  hcUhs  for  nickel  have  been  employed,  and  are 
prepared  as  follows : — 

A  solation  of  nitrate  of  nickel,  without  excess  of  acid,  is  pre- 
cipitated by  cyanide  of  potassium,  and  the  precipitate  redissolyed 
by  more  cyanide. 

An  acid  solution  of  nickel  may  be  precipitated  by  alkalies, 
such  as  potassa,  soda,  or  ammonia ;  and  after  washing  the  pre- 
cipitate, it  is  dissolved  in  cyanide  of  potassium. 

A  moderate  battery  power  and  nickel  anodes  are  employed. 

Mr.  Nagel  uses  400  parts  by  weight  of  crystallized  sulphate  of 
nickel,  and  200  parts  of  ammonia  dissolved  in  6000  parts  of  dis- 
tilled water,  and  1200  parts  of  ammonia  water  of  0.909  sp.gr.  added. 
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Temperatare  of  the  bath  about  100°  F.,  medium  current,  and  pla- 
tinum anode. 

For  depositing  zinc  upon  copper  or  brass,  in  the  wet  way, 
Dr.  R.  Bottger  first  prepares  finely  divided  zinc,  by  pouring  the 
molten  metal  into  a  previously  strongly  heated  iron  mortar,  and 
stirring  until  nearly  cold.  The  pulverulent  zinc  thus  obtained 
is  placed  in  a  porcelain  vessel,  and  to  it  is  added  a  concentrated 
solution  of  sal  amnioniac.  This  mixture  is  heated  to  boiling ; 
and  the  copper  or  brass  objects  to  be  coated  with  zinc  (but  pre- 
viously well  cleansed,  and  best  even  with  an  acid)  are  then  placed 
in  the  liquid,  wherein  they  become  coated  with  a  brilliantly  white 
adhering  layer  of  zinc. 

A  New  Method  of  Nickel  Plating. — ^Dr.  Wolcott  Oibbs  gives  in 
the  January  number  of  the  American  Journal  of  Science^  a  brief 
description  of  a  new  process  for  plating  various  metals  with  nickel 
without  the  use  of  a  battery,  which  process  was  devised  by  Prof. 
Stolba.  Into  the  plating  vessel — ^which  may  be  of  porcelain, 
though  the  author  prefers  copper — is  placed  a  concentrated  solu* 
tion  of  zinc  chloride,'which  is  then  diluted  with  from  one  to  two 
volumes  of  water,  and  heated  to  boiling.  (If  any  precipitate 
separates,  it  is  to  be  redissolved  by  adding  a  few  drops  of  hydro- 
chloric acid.)  As  much  powdered  zinc  as  can  be  taken  on  the 
point  of  a  knife  is  thrown  in,  by  which  the  vessel  becomes  covered 
internally  with  a  coating  of  zinc.  The  nickel  salt— for  which 
purpose  either  the  chloride  or  sulphate  may  be  used — is  then 
added  until  the  liquid  is  distinctly  green ;  and  the  articles  to  be 
plated,  previously  thoroughly  cleaned,  are  introduced,  together 
with  some  zinc  fragments.  The  boiling  is  continued  for  fifteen 
minutes,  when  the  coating  of  nickel  is  completed,  and  the  process 
is  finished.  The  articles  are  well  washed  with  water  and  cleaned 
with  chalk.  If  a  thicker  coating  be  desired,  the  operation  may 
be  repeated.  Professor  Stolba  found  that  copper  vessels  thus 
plated  were  scarcely  tarnished  after  several  months'  use  in  the 
laboratory. 

Wrought  and  cast-iron,  steel,  copper,  brass,  zinc,  and  lead  have 
been  successfully  coated  by  this  process.  It  is  only  necessary 
that  the  size  of  the  objects  should  permit  them  to  be  covered 
entirely  by  the  plating  liquid,  and  that  their  surfaces  should  be 
thoroughly  cleaned. 

Salts  of  cobalt,  treated  in  the  same  manner,  afford  a  cobalt 
plating,  which  is  steel-gray  in  color,  not  so  lustrous  as  the  nickel, 
and  more  liable  to  tarnish. 


"^ 
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CHAPTER  XLIV. 

KEDUOTION  OP  OLD  BATHS — ^BXTRAtlTION  OP  GOLD, 
SILVER,  PLATINUM,  AND  COPPER — ^ASHES. 

Heductton  of  Old  Baths. 

Before  passing  to  the  study  of  the  galyanoplastic 
art  proper,  we  shall  indicate  the  most  economical  and 
practical  processes  for  separating  from  worn-out  hatha 
or  liquors  spoiled  in  any  way,  the  precious  metals 
they  contain,  and  in  such  a  state  of  purity  that  they 
may  be  used  for  the  preparation  of  new  baths. 

We  shall  also  explain  the  treatment  of  old  acids, 
and  other  substances  generally  considered  as  waste, 
and  which  require  great  attention,  since  in  many 
works  they  represent  a  value  equal  to  one-fourth  or 
one-fifth  of  that  of  the  precious  metals  employed. 

Extraction  of  Gfold. 

All  the  liquids  which  contain  gold  (excepting 
those  in  which  there  is  a  cyanide,  and  which  shall  be 
examined  further  on)  are  strongly  acidulated  by  sul- 
phuric or  hydrochloric  acids,  unless  they  are  already 
acid,  and  then  largely  diluted  with  water.  The  pre- 
cious metal  is  precipitated  by  a  solution  of  sulphate  of 
protoxide  of  iron  (green  vitriol,  copperas),  and,  after 
a  few  hours'  waiting,  we  ascertain  that  the  liquor 
does  not  contain  any  more  gold  when  a  new  addition 
of  sulphate  of  iron  fails  to  produce  any  turbidity. 

The  precipitated  gold,  which  is  in  the  form  of  a  red 
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or  black  powder,  is  collected  upon  a  filter,  washed, 
and  strongly  dried  in  an  iron  pan  with  weights  equal 
to  its  own  of  hordXy  saltpetre,  and  carbonate  of  po^ 
iassa. 

The  fritted  mass  is  then  gradually  introduced  into 
a  refractory  crucible  heated  to  a  white  heat  in  a  good 
air  furnace.  When  all  of  the  substance  is  introduced, 
the  heat  is  increased  and  the  furnace  closed,  in  order 
that  all  the  metal  may  fall  on  to  the  bottom  of  the 
crucible.  After  cooling,  we  shall  obtain  a  button  of 
pure  gold,  which,  being  dissolved  in  aqua  regia,  will 
reconstitute  the  pure  chloride  of  gold.  (See  this  name 
in  the  chapter  on  Chemical  Products.) 

Should  we  desire  immediately  to  dissolve  in  aqua 
regia  the  pulverulent  gold  left  on  the  filter,  it  will  be 
necessary  to  wash  it  several  times  with  a  diluted 
solution  of  sulphuric  acid,  in  order  to  remove  the  sul- 
phate of  iron  with  which  it  is  impregnated. 

This  mode  of  reduction  is  well  adapted  to  an  impure 
chloride  of  gold,  to  the  baths  by  dipping  with  the 
bicarbonate  or  pyrophosphate  of  soda,  and  also  to 
the  ungifding  acids ;  but  it  is  imperfect  with  baths 
holding  a  cyanide,  which  never  completely  part  by 
this  process  with  all  the  gold  they  contain. 

The  best  manner  of  treating  the  latter  liquors 
consists  in  evaporating  the;n  to  dryness  in  a  cast- 
iron  kettle,  and  calcining  the  residue  to  a  white  heat 
in  a  good  crucible.  A  small  proportion  of  borax  or 
saltpetre  may  be  added  to  aid  the  fusion,  but  gene- 
rally it  is  unnecessary. 

The  button  of  gold  separated  at  the  bottom  of  the 
crucible  is  red  when  saltpetre  has  been  employed,  and 
•green  with  borax ;  but  these  difierences  of  coloration 
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have  nothing  to  do  with  the  purity  of  the  metal,  and 
are  due  to  peculiar  molecular  states. 

Gold  may  also  be  separated  from  liquors  which 
contain  no  cyanide,  by  an  excess  of  protochloride  of 
tin,  which  produces  a  precipitate  of  Caasivs  purple 
(stannate  of  protoxide  of  gold),  easily  reduced  by 
heat.  Sulphurous  acid  will  also  reduce  the  gold. 
But  in  this  case,  the  liquor  should  be  heated. 

Granulated  gold  is  obtained  by  running  the  molten 
metal,  in  a  small  stream,  and  from  a  certain  height, 
into  a  large  quantity  of  cold  water. 

Extraction  of  Silver. 

The  liquors  which  contain  silver  in  the  form  of  a 
simple  salty  that  is,  in  solution  by  an  acid,  are  very 
easily  treated ;  it  is  sufficient  to  add  to  them  an  ex- 
cess of  common  salt,  or  hydrochloric  acid,  and  all 
the  silver  will  be  precipitated  in  the  state  of  chloride 
of  silver,  which,  after  washing,  may  be  employed  for 
the  preparation  of  new  baths,  or  reduced  to  the  me- 
tallic form  by  one  of  the  processes  which  we  shall 
soon  describe.  Solutions  of  nitrate  of  silver,  desil- 
verizing acids,  etc.,  belong  to  this  case. 

Common  salt,  on  the  other  hand,  is  without  action 
upon  the  liquids  which  hold  silver  in  the  state  of  a 
double  salty  and  will  rather  aid  the  solution  than  the 
precipitation.  The  double  tartrate  of  silver  and 
potassa  (whitening  bath),  the  double  sulphite  of 
soda  and  silver  (bath  for  dipping),  etc.,  belong  to 
this  category.  Before  employing  common  salt,  the 
liquors  should  be  rendered  acid  by  sulphuric  acid, 
which,  displacing  the  other  acids,  combines  with  the 
base  and  restores  the  silver  to  the  state  of  a  simple 
salt,  easily  precipitated  by  common  salt.    Hydro- 
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chloric  acid  alone  precipitates  silver  well  from  these 
solutions. 

The  liquors  which  contain  silver,  as  cyanide^  form 
another  exception;  and,  in  order  to  extract  all  the 
metal,  we  should  again  have  recourse  to  the  process 
employed  for  similar  combinations  of  gold,  that  is  to 
say,  evaporation  to  dryness,  and  reduction  of  the 
mass  in  a  crucible,  with  an  addition  of  carbonate  of 
soda  and  powdered  charcoal.  The  silver  is  then  ob- 
tained as  a  melted  button  at  the  bottom  of  the  cru- 
cible. 

When  it  has  been  possible  to  obtain  the  chloride  of 
silver,  the  metal  is  reduced  by  many  processes,  the 
principal  of  which  are : — 

1.  The  well-washed  chloride  of  silver  is  put  into 
an  iron  ladle,  with  a  few  millimetres  of  pure  water 
above  the  chloride.  The  greater  affinity  of  iron  for 
chlorine  determines  its  departure  from  the  silver; 
and,  after  twenty-four  to  thirty  hours,  if  we  throw 
the  contents  of  the  ladle  upon  a  filter,  and  wash  tho- 
roughly with  pure  water,  in  order  to  remove  the  solu- 
ble chloride  of  iron,  we  shall  obtain  pure  silver  in  a 
minute  state  of  division.  This  method  is  rarely  em- 
ployed on  account  of  the  length  of  time  required. 

2.  Well-washed  chloride  of  silver  (water  does  not 
dissolve  a  trace  of  it)  is  put  into  a  stoneware  pan 
with  two  or  three  times  its  weight  of  zinc,  and  the 
^whole  is  covered  with  water  rendered  acid  by  sul- 
phuric acid.  As  soon  as  they  are  in  contact  these 
substances  react  upon  each  other:  the  sulphuric  acid 
and  the  zinc  decompose  the  water  into  its  elements, 
the  oxygen  of  which  oxidizes  the  zinc,  which  then 
combines  with  the  acid,  and  becomes  sulphate  of  zino 
(white  vitriol  or  white  copperas),  a  very  soluble  salt. 

19 
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On  the  other  hand,  the  hydrogen  transforms  the 
chlorine  of  the  silver  into  hydrochloric  acid,  also 
very  soluble  in  water.  The  remaining  silver  is  in 
impalpable  powder,  and  cannot  pass  through  the 
filters.  It  is  well  understood  that  before  filtering 
we  should  wait  until  all  the  zinc  has  become  dis- 
solved. The  obtained  silver  will  be  thoroughly 
washed  with  pure  water,  and  may  then  be  dissolved 
in  pure  nitric  acid  to  form  a  pure  nitrate  of  silver. 

This  process,  although  easy  and  rapid,  is  seldom 
employed,  because  it  is  very  difficult  to  find  zmc 
without  lead,  which  will  unite  with  and  follow  the 
silver  in  subsequent  manipulations. 

3.  The  chloride  of  silver,  fi:*eed  from  foreign  metal- 
lic salts  by  washing,  is  mixed  with  four  times  its 
own  weight  of  crystallized  carbonate  of  soda,  and 
half  of  its  weight  of  pulverized  charcoal.  The  whole 
is  made  into  a  homogeneous  paste,  which  is  thoroughly 
dried  in  an  iron  pan,  and  then  introduced  into  a  red 
hot  crucible.  After  the  igneous  fusion  Jthe  heat  is 
raised,  in  order  to  increase  the  fusibility,  and  to 
allow  of  the  smallest  globules  reaching  the  bottom  of 
the  crucible.  After  cooling,  we  have  a  button  of 
pure  silver.  Should  the  crucible  be  moved  at  the 
time  of  the  solidification,  the  button  will  be  of  a  very 
irregular  shape. 

If  we  desire  granulated  silver,  we  should,  as  for 
gold,  pour  it  in  a  small  stream,  and  from  a  certain 
height,  into  a  large  volume  of  water.  The  melted 
metal  should  not  be  allowed  to  fall  on  to  the  same 
spot. 

This  third  method  is  nearly  exclusively  employed 
in  electro-gilding  and  silvering  works. 

We  understand  that,  during  this  oi)eration,  the 
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carbonic  acid  of  the  carbonate  of  soda  having  disap- 
peared, the  oxygen  of  the  soda  unites  with  the  carbon 
of  the  charcoal,  and  escapes  in  the  gaseous  form.  In 
its  turn,  the  sodium  combines  with  the  chlorine  of 
the  chloride  of  silver,  and  becomes  chloride  of  sodium, 
whereas  the  metallic  silver  is  set  free.  We  shall  here 
notice  the  fact  that  the  chloride  of  sodium  which 
was  decomposed  by  the  silver  salt  in  the  wet  way,  is 
now  reconstructed  by  the  dry  way. 

4.  Lastly,  we  may  in  many  cases  employ  a  plate 
or  band  of  copper  for  separating  silver  from  its  salts; 
but  it  is  quite  difficult  to  free  it  entirely  from  traces 
of  copper.  Nevertheless,  as  we  have  already  said, 
this  process  is  employed  for  the  preparation  of  the 
graining  silver,  before  gilding  watch  parts. 

Metractton  of  Platinum. 

This  process  is  very  simple,  and  consists  in  first 
rendering  acid  by  hydrochloric  acid  any  kind  of  pla- 
tinum bath,  unless  it  is  already  so,  and  then  plun- 
ging cleansed  iron  into  it.  The  platinum  is  reduced 
to  the  form  of  a  black  powder,  which  is  washed,  and 
then  calcined  to  a  white  heat.  By  dissolving  it  in 
aqua  regia  we  reconstitute  the  chloride  of  platinum 
necessary  for  the  preparation  of  the  baths. 

I  do  not  know  whether  it  be  due  to  a  peculiar  state 
of  the  metal,  or  to  some  unknown  chemical  combi- 
nation of  the  black  powder  pi^ecipitated  by  iron,  but 
this  black  powder  will  not  dissolve  in  aqua  regia 
unless  it  has  been  previously  strongly  heated.  This 
phenomenon  leads  me  to  suspect,  according  to  the 
salt  employed  for  dissolving  the  platinum,  the  pre- 
sence of  a  sulphide,  phosphide,  or  carbide  of  this 
metal,  upon  which  the  acids  have  no  action. 
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Platinum  baths  may  also  be  reduced  by  evaporat- 
ing them  to  dryness,  and  strongly  calcining  the  re- 
sidue, which  is  then  washed  upon  a  filter  in  order  to 
remove  the  soluble  salts,  and  again  submitted  to  a 
white  heat.  The  platinum  thus  obtained  is  soluble 
in  aqua  regia. 

Extraction  of  Copper  Salts. 

In  those  works  where  great  quantities  of  copper 
are  operated  upon,  it  is  advantageous  to  extract  the 
metal  dissolved  in  the  cleansing  baths,  which  are 
generally  allowed  to  go  to  waste  with  the  rinsing 
water,  by  the  majority  of  gilders,  silver  electro- 
platers,  and  galvanoplastic  operators.  Kothing  is 
more  easy  and  less  expensive  than  the  recovery  of 
such  copper.  All  the  liquids  holding  copper  are  col- 
lected in  a  large  cask  filled  with  wrought  or  cast 
iron  scraps.  By  the  contact  of  the  copper  solution 
and  of  the  iron,  a  chemical  reaction  immediately  takes 
place,  by  which  the  iron  is  substituted  for  the  copper 
to  make  a  soluble  salt,  whereas  the  cement  copper  falls 
to  the  bottom  of  the  cask  in  the  shape  of  a  brown 
powder. 

The  cask  should  be  sufficiently  large  to  hold  all 
the  liquids  employed  in  a  day's  work.  The  liquors 
are  decanted  every  morning. 

The  old  iron  scrap  is  generally  suspended  in  wil- 
low baskets  on  top  of  the/  liquor,  and,  by  stirring 
now  and  then  the  liquid  with  them,  the  metallic 
powder  of  copper  alone  falls  to  the  bottom  of  the 
cask. 

The  same  method  is  employed  for  recovering  the 
copper  from  old  cleansing  acids,  or  from  worn  out 
galvanoplastic  baths.    The  copper  thus  obtained  is 
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quite  pure,  and,  by  calcining  it  in  contact  with  the 
air,  we  obtain  a  black  binoxide  of  copper  for  neutra- 
lizing too  acid  galvanoplastic  baths. 

Ashes. 

Nothing  whatever  should  be  lost  in  well  conducted 
works.  Sweepings,  sawdust,  residues  from  the  bot- 
toms of  scratch-brushing  tubs,  filters,  papers,  rags, 
etc.,  should  be  carefully  collected,  mixed,  and  burned 
in  a  furnace  constructed  for  the  purpose.  The  ashes 
are  finely  pulverized,  sifted,  and  sold  to  certain  ope- 
rators called  ash  wdsTierSy  who  extract  the  precious 
metals  from  them. 

At  the  time  of  selling  the  purchaser  is  called,  and, 
after  having  thoroughly  mixed  the  heaps  of  ashes, 
several  samples  are  taken  with  a  sampling-gauge, 
which  is  a  rod  hollowed  out  laterally.  The  various 
samples  are  then  mixed,  and  divided  into  two  parts, 
one  for  the  buyer  and  the  other  for  the  seller,  each  of 
whom  has  one  assayed  for  gold  and  silver.  From  the 
comparison  of  the  two  assay  certificates,  the  buyer 
takes  the  lot  at  its  value,  after  having  deducted  a 
certain  sum  for  the  expense  of  the  operation  and  his 
profit. 

The  ash  washer,  in  his  turn,  pulverizes  and  sifts 
the  ashes  again,  and  sells  them  to  persons  having 
mercury  mills.  In  these  mills  the  ash  is  thoroughly 
mixed  with  a  great  quantity  of  mercury,  which  soon 
combines  with  the  gold  and  silver.  The  amalgams 
are  separated  by  washing,  and  then  distilled  in  cast- 
iron  retorts  of  a  peculiar  shape. 

The  mercury  is  volatilized,  and  the  fixed  metals, 
such  as  gold  and  silver,  remain  in  the  retort.  For 
separating  these  metals  the  solid  mass  is  granulated, 
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and  treated  by  pure  nitric  acid,  which  dissolves  the 
silver,  and  is  without  action  upon  the  gold.  The 
latter  metal,  in  the  shape  of  a  black  or  violet  powder, 
collects  at  the  bottom  of  the  vessel,  and  is  pure,  after 
having  been  washed  with  distilled  water,  which  re- 
moves the  nitrate  of  silver  with  which  it  is  impreg- 
nated. 

When  an  ingot  contains  little  silver  and  much 
gold,  it  is  previously  melted  with  a  certain  propor- 
tion of  the  former  metal,  in  order  to  be  more  easily 
dissolved  in  nitric  acid. 

The  ingots  of  silver  and  copper  are  treated  in  cast- 
iron  kettles  by  boiling  and  concentrated  sulphuric 
acid,  which  transforms  the  copper  into  soluble  sul- 
phate of  copper,  and  silver  into  sulphate  of  silver, 
but  slightly  soluble.  The  separation  of  the  two  may 
be  partly  effected  by  washing,  but,  generally,  the 
silver  is  precipitated  by  plates  of  copper.  The  alloy, 
previous  to  its  solution,  is«  finely  laminated  or  granu- 
lated. 

We  do  not  claim,  in  this  place,  to  give  a  complete 
description  of  the  arts  of  assaying,  refining,  and  ash 
washing;  we  simply  present  to  our  readers  a  general 
view  of  the  methods,  which  are  of  secondary  import- 
ance in  our  art,  except  so  far  as  they  allow  us  to 
save  our  waste. 


PART  II. 

GALVANOPLASTIC  OPERATIONS  PROPER. 


THICK  DEPOSITS. 


CHAPTER  XLV. 

OBJECT   OF  THB  GALVANOPLASTIO  ABT. 

Akt  one  who  has  already  practised  the  operations 
described  in  the  first  part  of  this  work,  will  find  no 
difficulty  whatever  in  the  manipulations  which  shall 
follow.  The  GALVANOPLASTio  ABT  proper  requires 
baths  less  complex  in  their  composition ;  the  causes 
of  failure  firom  too  much  or  too  little  intensity  in  the 
electric  cun*ent  are  less  frequent;  and,  in  the  majority 
of  cases,  there  is  not  the  drawback  of  very  expensive 
substances. 

Although  electro-gilding,  silver  electroplating,  and 
other  metallic  deposits  obtained  by  the  aid  of  elec- 
tricity, are  branches  of  the  galvanoplastic  arty  it  is 
customary  to  apply  this  term  to  those  deposits  with 
sufficient  thickness  to  form  a  resisting  body,  which  may 
he  separated  from  the  objects  serving  as  moulds,  and 
which,  at  the  same  time,  will  preserve  the  shape  and  di^ 
mensions  of  the  model.  In  order  to  be  more  explicit, 
let  us  give  a  few  examples : — 

We  make  upon  one  of  the  faces  of  a  bronze  medal 
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an  electro-deposit  which,  being  separated  from  the 
mould,  reproduces  with  mathematical  accuracy  all 
the  parts  of  the  model,  except  that  the  hollow  por- 
tions become  in  relief,  and  conversely. 

A  statue  of  plaster  of  Paris,  a  sculpture  in  wood, 
an  impress  in  wax  or  in  gutta  percha,  a  fruit,  etc., 
may,  after  certain  preparations,  be  covered  with  an 
electro-deposit  of  copper,  for  instance,  and  it  will  be 
possible  to  destroy  the  model,  and  to  have  a  deposit 
representing  its  shape  and  its  dimensions. 

The  galvanoplastic  art  may  even  impart  a  certain 
degree  of  resistance  and  unalterability  to  brittle  and 
alterable  substances.  Thus,  ornaments  and  utensils 
of  crystal,  porcelain,  clay,  or  wax,  may  be  presenred 
against  rapid  destruction  by  a  metallic  coating  which 
will  respect  all  the  minutisB  of  their  forms.  It  will 
also  be  easy  to  keep  destructible  articles,  like  small 
animals,  plants,  insects,  and  flowers,  indefinitely, 
which  will  leave  their  exact  imprint  on  the  durable 
deposit  of  metal  with  which  they  have  been  covered. 

Is  there  a  more  striking  proof  of  the  accuracy  of 
galvanoplastic  imprints,  than  to  say  that  the  electro- 
deposit  of  copper  upon  a  daguerreotype  will  repro- 
duce it  with  all  its  shadows,  tints,  half  tints,  etc.? 
The  copper  itself  will  appear  superior  to  the  model, 
since  the  image  will  be  in  the  right  position,  and  less 
exposed  to  atmospheric  and  photodynamic  mfluences. 

In  the  galvanoplastic  operations  copper  is  almost 
exclusively  employed.  Indeed,  this  metal  is  easily 
separated  from  its  saline  combinations,  is  very  mal- 
leable, and  not  very  oxidizable;  and,  being  perfectly 
cleansed  by  the  wet  way,  there  will  be  no  difficulty 
in  gilding,  silvering,  and  platinizing  it. 

We  must  not  confuse  the  galvanoplastic  deposits 
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with  the  thin  ones  aheady  described  in  the  first  part 
of  this  work,  and  which  are  bnt  adhering  pellicles. 
The  copper  galvanoplastic  deposits  are  generally  ob- 
tained from  simple  salts  (the  sulphate  of  copper). 
The  thin  electro-deposits,  on  the  other  hand,  are  pro- 
duced from  double  salts  (double  cyanide  or  sulphite 
of  soda  and  copper). 

It  is  also  possible  to  hare  galvanoplastic  deposits 
entirely  of  silver  and  gold ;  but  these  are  mere  excep- 
tions, on  account  of  the  cost  of  the  materials  and  of 
the  difficulties  of  the  operation.  We  shall,  never- 
theless, mention  them  after  we  shall  have  passed 
entirely  over  the  ground  of  copper  galvanoplastic 
deposits,  which  have  been,  and  are  still,  so  useful  to 
the  arts. 

The  galvanoplastic  operator  will  have  presented  to 
him  the  following  cases : — 

1.  He  will  have  simply  to  apply  upon  a  metallic 
surface  conductor  of  electricity,  a  deposit  of  copper 
adhering  to  the  metal  underneath. 

2.  Or,  the  operation  being  completed,  the  two 
metals  will  have  to  be  separated  in  such  a  manner 
that  they  will  furnish  two  identical  productions,  one 
of  which  will  be  in  relief,  and  the  other  hollow. 
(Casts  of  medals,  basso  relievos,  irons  for  artificial 
flowers,  etc.  etc.) 

3.  Or  he  will  have  to  apply  the  electro-deposits 
upon  substances  not  naturally  conductors  of  electri- 
city, but  rendered  so  by  the  process  of  metallization. 
The  object  will  be  entirely  or  partly  covered  with  the 
metallic  deposits.  (Copper  deposits  upon  ornaments 
of  plaster  of  Paris,  wax,  glass,  porcelain,  etc.,  or 
upon  leaves,  fruits,  insects,  etc.) 

'L  Or,  after  the  deposit,  he  will  have  to  separate 
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the  non-metallic  model  in  order  to  haye  a  perfect 
copper  copy  of  it.  (Beproduction  of  type  in  stearine, 
gatta  percha,  gelatin;  etc.  etc.,  typographic  clich^ 
electrotypes.) 

5.  Or,  if  he  cannot  apply  the  electro-deposit  of 
copper  directly  upon  the  model,  he  will  have  to  make 
moulds  upon  which  a  greater  or  less  numher  of  copies 
may  be  obtained.  (It  is  the  general  case:  the  im- 
print of  the  model  is  taken  with  a  plastic  substance, 
which  is  rendered  a  conductor  of  electricity,  and 
upon  which  the  galvanoplastic  deposit  is  effected.) 

The  above  five  cases  represent  all  the  possible  ap- 
plications of  the  galvanoplastic  art,  and  all  require 
the  same  bath,  the  composition  of  which  is  very 
simple. 


CHAPTER  XLVI. 


THB  BATHS. 


The  Baths. 

1.  Put  into  a  vessel,  unacted  upon  by  sulphuric 
acid,  and  made  of  glass,  stoneware,  porcelain,  gatta 
percha,  or  lead,  a  certain  quantity  of  water,  to  which 
is  added  about  8  to  10  per  cent,  of  sulphuric  add, 
that  is  to  say,  8  to  10  volumes  of  acid  for  100  volumes 
of  water.  If  we  operate  in  a  glass  vessel  or  in  one 
lined  with  gutta  percha,  we  must  pour  in  the  acid 
slowly  and  stir  the  water  all  the  while,  otherwise  the 
acid,  which  is  much  denser  than  water,  falls  to  the 
bottom,  and,  slowly  combining  with  the  surrounding 
water,  may  cause  an  increase  of  temperature  soffi- 
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cient  to  break  the  glass  or  melt  the  gutta  percha. 
Whatever  be  the  nature  of  the  vase,  it  is  always  wise 
to  add  the  acid  by  small  quantities  at  a  time,  and  to 
stir  the  liquid  with  a  glass  or  wooden  rod. 

2.  Dissolve  in  this  acidulated  liquor  as  much  sul- 
phate of  copper  as  it  will  absorb  at  the  ordinary 
temperature.  K  the  ciystals  of  sulphate  of  copper 
have  been  put  directly  into  the  liquid,  they  fall  on  to 
the  bottom,  where  thej  are  slowly  dissolved,  because 
the  layer  of  water  in  contact  is  soon  saturated,  and, 
being  more  dense  than  the  liquid  on  top,  does  not 
mix  with  it.  In  this  case,  it  is,  therefore,  necessary 
to  agitate  the  liquor  frequently  with  a  glass  or  wooden 
rod,  in  order  to  mix  the  dense  and  saturated  layers 
with  the  lighter  ones  which  have  dissolved  little  or  no 
sulphate.  But  it  is  preferable  to  operate  in  a  different 
manner;  for  instance,  the  crystals  of  sulphate  of 
copper  may  be  put  into  a  perforated  ladle  of  copper 
or  stoneware,  or  even  into  a  bag  of  cloth,  and  to  fix 
the  whole  near  the  surface  of  the  liquid.  In  this 
way,  as  soon  as  a  portion  of  liquor  has  become  satu- 
rated with  sulphate  of  copper,  it  becomes  denser  and 
flows  downward,  whereas  a  lighter  portion  takes  its 
place,  and  becomes  saturated  in  its  turn.  When  the 
liquid  refuses  to  absorb  any  more  crystals,  it  is  said 
to  be  saturated,  and  marks  about  25^  of  Baume's  hy- 
drometer for  salts,  or  liquids  heavier  than  water. 

Water,  without  the  addition  of  sulphuric  acid,  will 
dissolve  equally  well  the  sulphate  of  copper,  and  may 
form  a  galvanoplastic  bath.  But,  if  the  water  is  not 
pure,  and  contains,  as  is  often  the  case,  bicarbonate 
of  lime,  the  solution  is  rendered  turbid  by  a  precipi- 
tate of  carbonate  of  copper. 

The  baths  of  water  and  sulphate  of  copper  only, 
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are  rarely  employed,  because  they  are  bad  conductors 
of  electricity,  and  because  the  deposits  of  copper  are 
irregular,  granular,  and  brittle.  It  is  possible  to  re- 
place the  sulphuric  acid  by  other  acids  or  salts  which 
increase  the  specific  gravity  of  the  liquor,  and  in- 
crease its  conductive  power;  such  are  the  acetic, 
tartaric,  citric,  etc.,  acids,  or  the  bisulphates  of  po- 
tassa  and  soda,  alum,  and  sulphate  of  alumina.  But, 
in  the  arts,  sulphuric  acid  is  nearly  always  employed. 
To  sum  up,  a  galvanoplastic  bath  is  made  of 
water,  more  or  less  acidulated  with  sulphuric  acid, 
and  saturated  with  sulphate  of  copper  at  the  ordinary 
temperature. 

Baths  of  sulphate  of  copper,  while  they  are  work- 
ing, must  always  be  kept  saturated;  that  is  to  say, 
new  crystals  of  sulphate  of  copper 
Fig.  92.  must   replace  those    decomposed 

and  forming  the  metallic  deposit 
"We  shall  arrive  at  this  result  by 
suspending  to  the  top  of  the  ves- 
sel, and  steeping  in  the  upper  por- 
tion of  the  liquid,  bags  of  cloth 
or  hair,  or  baskets  of  gutta  percha 
(Fig.  92),  always  filled  with  crys- 
tals of  sulphate  of  copper. 
"We  cannot  be  too  particular  about  the  choice  of 
the  sulphate  of  copper;  indeed,  we  find  in  the  trade 
three  very  distinct  varieties  of  this  salt.     The  first, 
which  is  the  best,  results  from  the  refining  of  coin, 
or  from  the  treatment  of  copper  or  its  oxide  by  sul- 
phuric acid,  more  or  less  concentrated.    The  sulphate 
is  in  the  shape  of  rhombic  crystals,  semi-transpareot, 
and  of  a  fine  blue  color.    Its  solution  is  also  a  pure 
blue. 


THB  BATHS.  301 

The  second  variety  has  been  produced  by  the 
spontaneous  oxidization  and  acidification  of  natural 
copper  sulphides,  or  pyrites.  As  these  ores  contain 
a  great  proportion  of  arsenic  and  other  metals,  the 
resulting  sulphates  are  very  impure,  and  often  pre- 
sent white  and  green  veins. 

The  third  comes  from  the  treatment  by  sulphuric 
acid  of  the  dipping  liquors  employed  for  cleansing 
copper  and  its  alloys.  These  sulphates  are  mixed 
with  those  of  zinc  and  of  other  metals  entering  into 
the  composition  of  bronzes,  brasses,  or  other  alloys. 
Besides  they  still  retain  a  certain  proportion  of  nitric 
acid,  which  is  injurious  to  the  operation. 

We  shall  give  in  the  third  part  of  this  work 
(Chemioal  Pboducts),  the  best  and  easiest  methods 
for  ascertaining  the  purity  of  the  sulphate  of  copper. 

The  galvanoplastic  baths  are  always  employed  in 
the  cold,  and  are  kept  in  vessels  of  shapes  adapted 
to  the  wants  of  the  operator.  Stoneware,  porcelain, 
and  glass  are  the  best  materials  for  the  purpose;  but 
as  it  is  quite  difficult  to  find  in  the  trade  such  vessels 
sufficiently  large,  we  alstf  employ  wooden  troughs 
covered  inside  with  coats  of  gutta  percha,  marine 
glue,  or  other  resinous  substances,  or  with  a  sheet  of 
lead,  which  may  be  painted  with  resist  varnish. 

Zinc,  iron,  and  tin  cannot  evidently  be  used  on 
account  of  the  chemical  reactions  taking  place  be- 
tween these  metals  and  the  sulphate  of  copper. 

The  working  of  galvanoplastic  baths  remains 
satisfactory,  when  their  specific  gravity  is  retained 
between  20''  and  25*^  Baum6.       • 
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CHAPTER  XLVn. 

MODES  OP  OPB»ATING — ^DEPOSITS  BY  SEPARATE  BAT- 
TERIES— SIMPLE  APPARATUS — THE  SAME  POB  TH£ 
"amateur" — ^LARGE  APPARATUS. 

Modes  of  Operating. 

"We  have  said  that  copper  can  be  reduced  by  two 
distinct  methods:  by  the  aid  of  electric  batteries, 
separate  from  the  bath,  or  by  the  simple  apparatus^ 
that  is  to  say,  by  constructing  a  battery  in  which  the 
object  to  be  covered  constitutes  the  positive  demenJL 
We  shall  describe  these  two  processes. 

Deposits  by  Separate  Batteries. 

When  the  solution  of  sulphate  of  copper  has  been 
prepared  and  disposed  as  we  have  described,  the  ob- 
ject,* which  is  to  receive-  the  deposit,  is  connected 
with  the  conducting  wire  attached  to  the  negative 
pole  of  the  battery,  zinc  generally,  and  immersed  in 
the  solution.  On  the  other  hand,  the  conducting 
wire  starting  from  the  positive  pole  (carbon  or  cop- 
per) is  attached  to  a  foil  or  plate  of  copper,  and  this 
anode  is  placed  in  the  liquor  parallel  to  the  object 
connected  with  the  other  pole.  This  plate  should 
have  a  surface  at  least  equal  to  that  of  the  article  to 
be  covered.    The  deposit  begins  inmiediately,  and 

*  There  are  certain  preliminary  preparations  of  the  article 
which  we  shall  describe  further  on,  and  which  Tarj  with  the  ma- 
terials employed  and  the  object  in  view. 
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its  progress  may  be  watched  by  removing  now  and 
then  the  object  from  the  eolation. 

If  we  operate  upon  a  clean  metallic  substance,  the 
deposit  of  copper  will  be  qnite  instantaneous  on 
every  part  of  it;  on  the  contrary,  if  the  surface  but 
moderately  conducts  the  electricity  (as  plumbago  or 
graphite),  the  deposit  begins  at  the  points  touched 
by  the  conducting  wire,  and  then  proceeds  forward 
firom  one  molecule  to  the  other.  Thus,  for  instance, 
a  medal  of  wax  covered  with  plumbago  (Fig.  93) 

Ftg.  98. 


and  wrapped  at  the  rim  alone  with  the  conducting 
wire,  will  receive  a  deposit  beginning  at  the  peri- 
phery, and  radiating  towards  the  centre.  After  a 
variable  length  of  time,  the  whole  surface  will  be 
covered;  but,  evidently,  the  thickness  of  the  deposit 
will  be  greater  on  the  sides  than  on  the  middle. 

With  a  little  practice  it  is  easy  to  ascertain  whether 
the  intensity  of  the  current  corresponds  to  the  sur- 
faces to  be  covered.    The  operation  is  slow  with  a 
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weak  current,  but  there  is  no  other  inconyenience, 
unless  the  substance  of  the  mould  is  alterable,  like 
gelatine.  Too  intense  a  current  results  in  a  granular 
deposit,  the  particles  of  which  have  little  cohesion 
between  themselves,  and  no  adherence  with  the 
mould. 

Batteries  separated  from  the  liquors  are  no  longer 
employed  for  galvanoplastic  operations,  in  the  arts 
especially.  The  amateur  alone  sometimes  uses  this 
method,  which  is  more  slow,  more  expensive,  and 
less  easy  than  that  with  the  simple  apparatus.  We 
must  except,  however,  the  galvanoplastic  operations  on 
articles  in  high  relief,  by  the  Lenoir  processes,  which 
shall  be  described  further  on,  and  which,  in  the  ma- 
jority of  cases,  require  a  separate  battery. 

Simple  Apparatus. 

A  simple  apparatus,  capable  of  producing  galvano- 
plastic deposits,  is  essentially  composed  of  a  solution 
of  sulphate  of  copper,  in  which  is  immersed  a  dia- 
phragm or  porous  cell  filled  with  a  liquor  capable  of 
dissolving  the  iron  or  zinc  placed  in  it.  The  iron  or 
zinc  is  connected  by  a  conducting  wire  with  the  ob- 
ject in  the  bath  which  will  receive  the  deposit. 

It  is,  therefore,  easily  understood  that  the  nature, 
shape,  volume,  and  disposition  of  the  simple  appa- 
ratus may  vary  ad  infinitum^  to  suit  the  purpose  of 
the  operator  and  the  shape  of  the  moulds. 

The  most  convenient  apparatus  will  ever  be  that 
where  the  surfaces  of  the  zinc  are  nearly  equivalent, 
and,  as  far  as  practicable,  parallel  to  those  of  the 
mould.  This  latter  condition  is,  in  most  cases,  very 
difficult  to  fulfil ;  indeed,  a  small  statue  would  then 
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require  zincs  and  porous  cells  all  around  it,  and  fol- 
lowing all  the  irregularities  of  its  contour. 

At  all  events,  we  shall  describe  those  apparatuses 
which  seem  td  us  the  most  convement  hy  their  dis- 
positions, and  the  most  econonucal  in  their  nature. 

iSitnple  Apparatus  for  Amateurs. 

Beginnerfe  will  hare  no  difficulty  in  arranging  an 
inexpensive  "simple  apparatus,"  which  will  suit  per- 
fectly for  depositing  copper  upon  small  flat  surfaces, 
or  upon  medals  or  small  articles  in  basso-relievo. 
The  solution  of  sulphate  of  copper  may  be  kept  in 
a  stoneware,  earthenware,  or  porcelain  vessel,  in  the 
centre'  of  which  stands  a  porous  cell  filled  with  water 
acidified  with  2  or  3  per  cent,  of  sulphuric  acid,  and 
1  per  cent  of  amalgamating  salts.  This  liquid  sur- 
rounds a  cylinder  of  ziiic  (Fig.  94),  which  supports 

Pig.  84. 


a  circle  of  brass  wire,  the  two  crossed  diameters  of 
which  are  soldered,  or  simply  fixed,  in  four  notches 
on  the  top  of  the  zinc  cylinder. 
20 
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In  this  maimer  it  will  be  easy  to  suspend  from  this 
circular  fi-amework  a  certain  number  of  objects  or 
moulds,  which  will  be  immersed  in  the  liquid  in  such  a 
way,  as  to  have  their  faces  to  be  covered,  near  and 
opposite  to  the  cell.  Two  small  bags  of  hair,  filled 
with  sulphate  of  copper,  are  attached  to  the  upper 
edg^  of  the  vessel. 

We  have  also  built,  of  two  different  sizes,  a 
simple  apparatus  for  amateurs,  which  is  very  con- 
venient. Fig.  95  represents  one  of  these,  which 
is  easily  moved  about,  and  is  not  brittle.    It  is  a 

Fig.  96. 


rectangular  trough  of  gutta  percha,  in  the  centre 
of  which  are  two  grooves  for  the  passage  of  a 
flat  cell.  At  the  two  extremities,  and  on  top,  two 
sm^l  compartments  have  been  applied,  which  may 
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serve  for  handling  the  apparatus,  and  communicate 
with  the  inside  of  the  trough  hy  numerous  small  holes. 
They  are  filled  with  crystals  of  sulphate  of  copper. 
The  porous  cell  contains  acidulated  water  and  a  plate 
of  amalgamated  zinc.  The  connections  are  made  by 
means  of  double  binding  screws,  iplaced  upon  the 
zinc  plate  and  the  supporting  rods.  The  metallic 
wires  are  twisted  in  spirals,  so  as  to  allow  of  the 
moTing  about  of  the  rods. 

We  easily  understand  that  with  this  apparatus  we 
operate  on  each  side  of  the  cell  upon  two  medals  or 
basso-relieyos ;  but,  if  we  use  two  cells,  one  at  each 
end  of  the  apparatus,  and  with  the  supporting  rod 
in  the  middle,  we  may  effect  the  deposit  on  objecta 
in  high  relief, — ^a  small  statue,  for  instance. 

*  Large  Apparatus. 

If  we  have  to  coyer  large  surfaces,  the  bath  will 
be  contained  in  a  large  wooden  trough  (Fig.  96),  lined 
inside  with  gutta  percha,  or  lead,  or  any  other  sub- 
stance unacted  upon  by  the  bath.  In  the  middle  of 
the  trough  we  will  dispose  a  row  of  cells  close  to 
each  other,  and  each  with  its  zinc  cylinder.  A  thin 
metallic  ribbon  is  connected  with  all  the  binding 
screws  of  the  cylinders,  and  is  in  contact  at  its  extre- 
mities with  two  metallic  bands  on  the  ledges  of  the 
trough.  The  metallic  rods  supporting  the  moulds 
are  in  contact  with  the  metallic  bands  of  the  ledges, 
and  therefore  in  connection  with  the  zincs. 

With  such  a  disposition  of  the  supporting  rods  on 
each  side  of  the  trough,  the  entire  surface  of  the 
zincs  is  utilized.  It  will  also  be  easy  to  double  the 
effect,  by  employing  two  rows  of  cells  instead  of 
one ;  thus,  a  surfieu^e  will  be  covered  on  each  side  of 


LABGE  APFABATtrS. 


sntphate  on  top  of  the  liquor,  instead  of  having 
crystals  at  the  bottom. 

Fig.  flt. 


formerly,  a  certain  apparatus,  quite  inconvenient, 
L  called  an  electrotype,  was  used  for  the  reproduction 
medals.    It  was  composed  of  a  cylindrical  glass 

Fig.  98. 


le,  with  a  wooden  cover  (Fig.  98),  to  which  was 
id  a  support  in  the  shape  of  a  T,  with  two  holes 
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and  their  binding  screws.  The  wooden  cover  had 
a  circular  opening  through  which  passed  a  truncated 
cone  of  glass  (Fig.  99),  open  on  the  top  and  closed 
on  the  smaller  diameter  by  a  piece  of  bladder.    For 

working  this  apparatus,  the  mould  was 
^^g'  ^^'         fixed  upon  a  metallic  disk,  dipping 

into  the  solution  of  sulphate  of  copper, 
and  connected  by  a  bent  wire  with 
the  top  support.  Another  wire,  bent 
twice  at  right  angles,  passed  through 
the  second  hole  of  the  support,  and  carried  a  disk 
of  zinc  dipping  into  acidulated  water  contained  in 
the  truncated  cone  of  glass.  By  this  disposition  the 
mould  and  the  zinc  plate  were  horizontal  and  op- 
posite each  other,  although  separated  by  the  bladder. 
This  apparatus,  the  manipulation  of  which  was 
tedious  and  difficult,  has  been  simply  mentioned,  be- 
cause it  was  the  first  in  use.  It  has  been  super- 
seded by  apparatus  in  which  the  cell  and  the  moulds 
are  placed  vertically,  which  allows  of  the  rapid  re- 
moving and  watching  of  the  objects.  We  must, 
however,  acknowledge  that  this  latter  disposition 
favors  the  production  of  strias  upon  the  deposits, 
when  we  neglect  to  change  now  and  then  the  posi- 
tion of  the  articles.  These  strise  are  mainly  due  to 
the  up  and  down  currents  formed  by  liquids  more 
saturated  one  than  the  other,  and  are  the  more  nume- 
rous as  the  intensity  of  the  current  is  greater.  They 
may  be  avoided  by  firequently  agitating  the  bath  or 
the  objects. 

We  must,  as  far  as  practicable,  maintain  the  liquids 
in  the  bath  and  in  the  cells  at  the  same  level ;  and 
it  is  even  more  prudent  to  have  that  of  the  bath 
slightly  above  that  of  the  cell,  in  order  to  prevent 
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the  solution  of  zinc  from  becoming  mixed  by  exos- 
mose  with  the  copper  bath.  The  converse  is  pre- 
ferable, although  the  zincs  are  blackened  by  a  pul- 
verulent deposit  of  copper. 


CHAPTER  XLVin. 

DLA^PHRAGHS  OB  POBOUS  CELLS — ^KEEPING  THE  BAT- 
TEBIES  IN  OBDEB — ^AMALGAMATING  SALT — ^ACID 
BATHS. 

Dtaphragms  or  Pcrcvs  Cells. 

We  thus  call  vessels  made  of  materials  capable  of 
containing  liquids,  and,  a(  the  same  time,  allowing 
them  to  ooze  out  slowly  through  their  pores,  especi- 
ally under  the  influence  of  electricity.  Pipe  clay, 
pasteboard,  bladder,  gold-beater's  skin,  and  parch- 
ment, condensed  tissues,  especially  sail  doth,  and  cer- 
tain kinds  of  woods  may  be  employed  for  diaphragms. 
But  none  is  so  good  as  porcelain  clay,  or  kaolin, 
submitted  to  a  certain  heat  (biscuit  baking),  which 
hardens  the  paste  without  destroying  its  porosity. 
Yases  made  with  this  material  are  just  porous  enough, 
and  resist  the  action  of  concentrated  acids.  It  is 
this  latter  quality  which  renders  kaolin  cells  so 
much  super iof  to  all  the  substances  indicated  above. 

It  is  often  quite  difficult  to  obtain  cells  of  dimen- 
sions and  shape  suitable  to  our  wants.*    The  largest 

*  Our  trade  facilities,  established  since  the  publication  of  the 
first  edition  of  this  work,  allow  us  to  sell  diaphragms  of  every 
shape  and  size,  up  to  1.20  metre  in  height.  We  think,  however, 
that  it  is  better  not  to  suppress  in  this  book  the  manner  of  utiliz- 
ing utensils  already  in  hand. 
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generally  found  in  the  trade  do  not  exceed  10  centi- 
metres in  diameter,  and  36  centimetres  in  height 
And,  as  it  often  happens  that  we  have  to  effect  de- 
posists  upon  surfaces,  the  height  of  which  is  at  least 
double  that  stated,  we  shall  indicate  the  manner  of 
remedying  this  inconrenieDce.    Diaphragms  of  about 
0.70  metre  in  length  may  be  made  as  follows :  Saw 
off  carefully  the  bottom  of  a  large  cell,  and  grind 
well  to  match  the  top  of  another.    Then  heat  the 
two   ground  ends,   superpose   them,  and 
^'      '    wrap  the  joint  with  a  ribbon  of  gutta  per- 
cha,  which  is  kept  firm  in  place  by  a  screwed 
collar  of  copper.    Heat  the  collar  agun 
slightly,  and  screw  on,  in  order  to  soften 
the  gutta  perch^  and  to  make  the  joint 
tighter.    Lastly,  cover  the  copper  collar 
entirely  with  varnish  or,  preferably,  melted 
gutta  percha  (Fig.  100). 

When  the  dimensions  of  the  diaphragms 
are  too  great  to  allow  of  the  employment  of  kaolin, 
we  must  hare  recourse  to  sail  cloth,  fixed  with  copper 
nails  npon  a  frame  of  oak.  The  seams  are  covered 
with  coal  tar,  and  the  cloth  lasts  longer  than  is 
generally  thought.  Diaphragms  are  also  made  of 
well-joined  boxes  of  thin  and  porous  woods.  But, 
we  repeat  it,  there  is  nothing  like  kaolin  cells. 

Keeping  the  Batteries  in  order. 
"We  have  already  said  that  the  electric  current  was 
produced  by  the  action  of  certain  liquids  which  dis- 
solve zinc  slowly,  and  that  the  ordinary  liquor  was 
water  with  two  or  three  per  cent,  of  sulphuric  or  hy- 
drochloric acid,  or  simply  a  solution  of  common  salt 
It  is  evident  that,  after  a  greater  or  less- length  of 
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time,  the  action  will  be  arrested  by  the  saturation  of 
the  acid  or  of  the  salt ;  we  must  therefore  maintain 
or  revive  the  action  by  additions  of  the  exciting 
liquid,  and  we  generally  proceed  as  follows : — 

The  battery,  charged  as  has  been  described,  will 
work  well  for  twenty-four  hours ;  and,  for  four  con- 
secutive days,  it  will  be  sufficient  to  add  small  quan- 
tities of  acid  and  amalgamating  salt,  in  proportion 
to  the  volume  of  the  cells.  The  mixture  is  stirred 
each  time  with  a  glass  rod. 

The  fifth  day,  all  the  exciting  liquors  are  thrown 
away,  and  fresh  ones  substituted,  because,  without 
this  precaution,  the  zinc  salt  will  be  so  abundant  as 
to  crystallize  upon  the  zincs  and  the  cells.  The  en- 
dosmose  cannot  take  place  and  the  current  is  stopped.* 

It  is  useless  to  allow  the  corrosion  of  the  surface  of 
the  zinc  which  is  not  opposite  the  article  to  be  covered ; 
therefore,  we  will  carefully  varnish  the  insides  of  zinc 
cylinders.  This  method,  however,  will  succeed  only 
with  the  employment  of  the  amalgamating  salt. 

Cast-zinc  will  work,  but  it  is  far  inferior,  as  regards 
durability  and  economy,  to  laminated  zinc,  which  is 
more  homogeneous  and  condensed,  and  which  will  be 
uniformly  corroded  instead  of  being  perforated. 

It  sometimes  happens  that  zinc  is  scarcely  attacked, 

I  *  A  diaphragm  or  cell  may  be  clogged  in  two  different  ways,— 

By  the  sulphate  of  zinc  which,  having  an  insafficiency  of  water, 
crystallizes  in  the  pores.  In  this  case  it  is  sufficient  to  boU  the 
cells  in  water  acidulated  by  sulphuric  acid,  and  all  will  be  right 
again. — Or  by  deposits  of  copper  caused  by  bad  working.  It  is 
then  necessary  to  dip  the  cells  in  aqua  fortis  until  all  of  the  cop- 
per is  dissolved,  and  to  rinse  in  plenty  of  water  afterwards. 
It  is  also  possible  to  clean  cells  by  keeping  them  filled  with 

I  water,  which,  escaping  through  the  pores,  pushes  out  the  salts 

and  the  acids  with  which  they  are  dogged. 
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even  by  concentrated  liquors,  and  that  a  multitude  of 
small  cavities  are  engraved  on  its  surface.  It  also 
becomes  covered  with  a  blackish-gray  crust,  and  no 
electricity  is  disengaged.  These  phenomena  take 
place  when  the  zinc  is  rich  in  lead. 

All  commercial  zincs  contain  lead,  more  or  less ; 
but  when  the  proportion  of  lead  is  too  great,  the 
above  trouble  takes  place.  In  zinc  rolling  mills,  a 
great  quantity  of  zinc  is  melted  at  once,  and  then 
the  phenomenon  of  liquation  takes  place,  by  which 
nearly  all  of  the  lead  goes  to  the  bottom.  It  results 
that  when  the  upper  portions  of  the  molten  metal  are 
ladled  out  to  form  the  slabs  for  rolling,  the  zinc  ob- 
tained is  quite  pure;  whereas  that  taken  from  the 
bottom  parts  is  rich  in  lead.  The  latter  is  very  good 
for  roofing  and  many  other  purposes,  but  it  should  be 
avoided  by  galvanoplastic  operators. 

Amalgamating  Salt. 

The  great  majority  of  operators,  in  order  to  avoid 
the  solution  of  the  zinc  when  the  apparatus  does  not 
work,  cleanse  it  in  diluted  hydrochloric  acid,  and  then 
amalgamate  it  by  rolling  the  cylinders  in  a  trough 
filled  with  mercury.  This  method  necessitates  the 
employment  of  a  large  quantity  of  mercury,  which, 
however,  does  not  form  a  uniform  coating,  and  renders 
brittle  the  copper  connections.  Instead  of  metallic 
mercury,  I  use  a  compound  of  this  metal,  made  for 
the  purpose,  and  introduced  into  the  cell  itself  in  a 
liquid  state.  In  this  manner,  that  part  only  of  the 
zinc  which  dips  into  the  liquor  receives  the  mercury 
deposit,  and  the  amalgamation  is  continued  daring 
the  solution  of  the  zinc. 

This  product,  of  which  I  have  a  monopoly,  is  a 
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triple  salt  of  binoxide  of  mercury  (sulpho-chloro- 
nitrate).  Nitrate  of  binoxide  of  mercury  may  be 
employed,  but  the  excess  of  nitric  acid  it  contains 
corrodes  the  zincs  rapidly. 

Acid  Baths. 

We  have  said  that  when  a  bath  is  impoverished, 
that  is  to  say,  contains  too  weak  a  solution  of  sul- 
phate of  copper,  the  electro-deposit  is  pulverulent, 
black,  and  irregular.  The  same  inconvenience  occurs 
when  the  liqtiors  become  too  acid,  because  then  they 
do  not  dissolve  enough  of  sulphate  of  copper. 

While  it  is  true  that,  in  baths  working  with  separate 
batteries,  the  copper  anode  is  dissolved  and  combines 
with  the  sulphuric  acid  set  free  at  the  other  pole,  and 
thus  maintains  the  solution  without  a  great  excess  of 
free  acid;  it  is  not  so  with  the  simple  apparatus. 
There  the  acid  set  free  by  the  deposited  metal  will 
soon  be  sufficient  to  render  the  bath  too  acid,  and  to 
this  cause  of  acidity  we  should  add  the  contingency 
of  the  liquors  oozing  out  from  the  cells.  It  is  there- 
fore necessary  that  this  inconvenience  should  be  now 
and  then  corrected,  otherwise  the  electro-deposits 
will  be  worthless,  or  at  least  very  brittle. 

I  recommend  the  following  remedies :  When  the 
bath  is  too  acid,  add  carbonate  of  copper  to  it  until 
effervescence  no  longer  takes  place.  In  this  reaction, 
the  free  sulphuric  acid  decomposes  the  carbonate  of 
copper,  and  forms  sulphate  of  copper,  and  the  carbonic 
acid  escapes  in  a  gaseous  form.  The  bath  should  then 
be  acidified  anew  in  order  to  increase  its  conducting 
power.  The  carbonate  of  copper  may  be  replaced  by 
the  oxide  of  the  metal,  which  dissolves  without  effer- 
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vesoence.  Many  galvanoplaBtic  operators  prepare  the 
oxide  by  calcining  at  a  red  heat  all  the  metallic 
copper  waste  of  their  operations.  By  the  combined 
action  of  heat  and  of  the  oxygen  of  the  air,  the  copper 
is  transformed  into  a  black  substance,  which  is  the 
binoxide  of  copper  and  is  easily  dissolved  in  acid 
baths.  If  the  entire  quantity  of  copper  has  not  been 
transformed  into  oxide,  the  operation  is  renewed  as 
many  times  as  are  necessary. 

In  the  first  edition  of  this  work  I  had  mentioned 
the  use  of  the  carbonates  of  lime  and  of  baryta  for 
neutralizing  the  excess  of  acids;  but,  since  then,  I 
have  ascertained  that  the  results  are  unsatisfactory. 

Ify  after  very  long  tise,  and  by  the  exosmose  of  the 
cells,  a  bath  becomes  overloaded  with  free  acid  and 
sulphate  of  zinc,  there  is  no  other  remedy  but  to  start 
a  fresh  one. 


CHAPTER  XLIX. 

disposition  op  the  pieces  in  the  bath— gal vano- 
plastio  deposits  upon  metals  (wtth  adhe- 
benge)* 

DisposiUon  of  the  Pieces  in  the  Bath. 

We  have  said  that  the  pieces  or  moulds  were 
placed  vertically,  and,  as  nearly  as  practicable,  paral- 
lel to  the  soluble  anodes  or  to  the  cells.  The  depth 
of  the  bath  should  be  sufficient  to  have  a  few  centi- 
metres of  liquor  above  and  below  the  moulds.  It 
often  occurs  that  the  moulds  are  lighter  than  the 
solution  of  sulphate  of  copper,  and  it  then  becomes 
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necessary  to  sink  them  with  lead  pieces  covered  with 
Tarnish  or  gutta  percfaa,  or  with  stones,  glass  stoppere, 
and  other  substances  non-conductors  of  electricity. 

When  the  object  to  be  covered  is  metallic,  and 
nnacted  upon  by  the  solution  of  sulphate  of  copper, 
it  is  sufficient  to  attach  the  conducting  wire  to  any 
part  of  it^  sur&ce,  and  it  will  be  rapidly  covered 
with  an  uniform  electro-deposit.  On  the  contrary, 
if  the  mould  is  a  non-conductor  of  electricity  by 
itself^  and  has  been  covered  with 
some  conducting  substance,  such  Fig- 101- 

as  plumbago  or  graphite,  bronze 
powder^  or  reduced  Bilver,  we 
shonld,  as  much  as  practicable, 
multiply  the  points  of  contact 
of  the  electrode.  "We  arrive  at 
this  result  by  uniting  the  con- 
necting wire  (Fig.  101)  with  a 
certain  number  of  fine  copper 
wires,  like  those  employed  for 
scratch-brushes,  and  makingtheir 
bent  extremities  touch  the  mould 
at  various  places. 

"When  the  apparatus  is  work- 
ing, we  observe  that  the  copper 
becomes  deposited  first  at  these 
points  of  contact,  from  which  it 
radiates  in  every  direction,  until  the  whole  surface  is 
covered.    "We  have  the  advantage,  by  this  method, 
of  a  greater  rapidity  of  operation,  and  of  a  sensibly 
uniform  thickness  of  deposit.    It  is  especially  needed 
for  moulds  having  deeply  indented  surfaces.    As  soon 
as  the  sur&ce  is  entirely  covered,  these  supplementary 
wires  may  be  removed. 
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It  often  happens  that  only  one  face  of  the  mould 
is  intended  to  receive  the  electro-deposit;  in  this 
case,  it  will  be  easy  to  protect  the  other  surfaces 
against  the  action  of  the  bath  by  a  resist  varnish,  or 
melted  yellow  wax,  or  softened  gatta  percha.  The 
same  precaution  may  be  taken  in  regard  to  the  con- 
ducting wires,  except  at  the  points  of  contact. 

Oalvamplaatic  Deposits  upon  Mdala  (with 

Adherence). 

This  is  the  most  simple  case  of  the  galvanoplastic 
operations,  and  consists  in  covering  a  metal  with  a 
coat  of  copper  so  adhering  that  the  two  metals  make 
one. 

All  of  the  metals  are  not  equally  qualified  to  re- 
ceive the  galvanoplastic  deposit ;  and  there  are  some 
which  are  naturally  unfit  for  it.  For  instance,  wrought 
and  cast-iron,  steel  and  zinc,  as  soon  as  immersed  in 
the  solution  of  sulphate  of  copper,  and  without  the 
aid  of  electricity,  decompose  the  salt,  and  become 
covered  with  a  muddy  precipitate  of  copper  without 
adherence.  It  is  therefore  absolutely  necessary  to 
give  them  a  previous,  and  quite  thick,  coat  of  copper 
in  the  bath  of  double  salts  described  in  the  first  part 
of  this  work,  before  submitting  these  metals  to  the 
action  of  the  sulphate  of  copper.  Tin,  although  pre- 
senting these  inconveniences  to  a  much  less  degree, 
reacts  upon  the  sulphate  of  copper,  becomes  black,  and 
receives  a  deposit  with  slight  adherence.  It  should 
also  be  copper  electroplated  in  the  solutions  of  double 
salts  before  going  into  the  galvanoplastic  bath. 

On  the  other  hand,  when  the  metal  to  be  covered 
is  unacted  upon  by  the  bath,  it  is  sufiUcient  to  cleanse 
it  well,  and  to  submit  it  to  the  action  of  the  current 
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for  obtaining  a  rapid  and  uniform  deposit,  which  ad- 
heres more  or  less  perfectly.  The  coats  of  copper 
under  these  circumstances,  should  not  be  too  thick, 
otherwise  the  surfaces  may  have  a  coarse  appear- 
ance, which  impairs  the  fineness  of  the  lines  of  the 
mould.  With  a  good  bath,  and  a  well  regulated  elec- 
tric current,  the  delicacy  of  the  pattern  will  not  be 
defaced  by  a  copper  coat  having  the  thickness  of 
stout  writing  paper.  A  bright  lustre  will  be  impart- 
ed to  the  deposited  metal,  simply  by  scratch-brushing 
or  burnishing ;  or  by  a  passage  through  aqua  fortis 
and  soot,  and  afterwards  through  the  compound  acids 
for  a  bright  lustre. 


CHAPTER  L. 


GILDING  WITH  DEAD  LUSTBE  BY  GALVANOPLASTIC 

DEPOSIT. 

OHding  with  Dead  Lustre  by  Oalvanoplastic  Deposit. 

Although  we  have  already  described  in  extenso, 
in  Chapter  XXY.,  the  galvanoplastic  process  of  gild- 
ing zinc  with  a  dead  lustre,  we  cannot  think  that  it 
is  unnecessary  to  repeat  here  the  method,  and  to 
generalize  its  application  to  all  metals  and  their 
alloys  and  also  to  non-metallic  substances. 

Galvanoplastic  deposits  with  adherence  furnish  us 
the  means  of  obtaining  cheaply  a  very  handsome  gild- 
ing with  a  dead  lustre,  which  equals,  not  the  durability, 
but  the  appearance  of  that  obtained  with  mercury,  and 
which  we  have  described  in  the  first  part  of  this  work. 

TV'e  operate  in  this  manner :  After  haying  carefully 
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cleansed  the  mould  if  metallic,  or  rendered  it  a  con- 
ductor if  non-metallic,  we  immerse  it  in  the  solution 
of  sulphate  of  copper,  and  allow  the  deposit  to  acquire 
a  dead  lustre  slightly  in  excess  of  that  desired.  After 
this  operation,  which  may  last  from  two  to  six  hours, 
we  remove  the  article  from  the  bath,  rinse  it  in  plenty 
of  water,  and  pass  it  rapidly  through  the  compound 
acids  for  a  bright  lustre,  which  diminish  the  previous 
dulness  of  the  appearance.  Next  come  a  rinsing  in 
fresh  water ;  a  steeping  in  a  mercurial  solution  simi- 
lar to  that  employed  for  gilding  by  dipping ;  another 
rinsing;  and  lastly,  the  immersion  into  an  electro- 
gilding  bath  made  of— 


Distilled  water    .... 

10  litres 

Phosphate  of  soda 

•    600  grammes 

Bisulphite  of  soda 

.    100        « 

Cyanide  of  potassium 

.      20        " 

Gold  (for  neutral  chloride)  • 

.      10        " 

At  first,  the  current  is  rendered  sufficiently  intense 
by  dipping  the  platinum  anode  in  deeply,  afterwards 
the  intensity  is  diminished  by  partly  withdrawing 
the  anode  until  the  desired  shade  of  gold  is  obtained. 
This  gilding  requires  but  little  gold,  since  the  frosty 
dead  lustre  comes  from  the  copper.  When  the  lustre 
of  the  copper  is  very  fine  and  velvety,  we  may  dis- 
pense with  the  dipping  into  the  compound  acids,  but 
the  rapid  passage  through  the  mercurial  solution  is 
always  desirable. 

If  the  deposited  gold  be  not  uniform,  or  appears 
partly  cloudy,  it  is  proof  of  an  imperfect  deposit  in 
the  bath,  or  of  an  insufficient  steeping  in  the  com- 
pound acids.  The  piece  should  then  be  removed  from 
the  bath,  washed  in  a  tepid  solution  of  cyanide  of 
potassium,  rinsed  in  fresh  water,  dipped  in  the  solu- 
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tion  of  nitrate  of  binoxide  of  mercury,  and  electro- 
gilded  anew.  This  gilding  bears  burnishing  well, 
but  we  must  avoid  acid  waters  and  soap,  which  will 
produce  a  red  polish,  and  use  only  saliva,  or  the  fresh 
solutions  of  linseed,  or  of  marshmallow  root.  The 
tone  of  gold  thus  obtained  is  richer,  deeper,  and  more 
durable  than  that  produced  upon  frosted  silver,  the 
latter  being  recognized  by  the  green  color  of  the 
burnished  parts. 

This  method  is  employed  for  gilding  with  a  dead,  or 
rather  frosted,  lustre,  the  ornaments  of  cigar  cases, 
tablets,  etc.,  the  medals  under  glass  for  paper  weights, 
and  especially,  chandeliers,  clocks,  and  other  articles 
of  ornament  or  utility  which,  at  the  present  day,  are 
sold  at  one-third  or  one-fourth  of  the  price  of  the 
gilding  alone,  as  made  in  former  times.  Many  arti- 
cles of  plaster  of  Paris  and  wood  are  also  gilt  by  this 
process. 

Galvanoplastic  deposits  with  adherence  give  us 
the  means  of  imparting  a  uniform  appearance  to  ob- 
jects composed  of  heterogeneouis  substances.  For 
instance,  a  clock  may  have  a  base  of  copper  and 
ornaments  of  lead ;  the  whole  may  be  made  to  appear 
like  bronze  after  a  thin  galvanoplastic  deposit. 

To  conclude,  this  kind  of  deposit  may  be  employed 
for  binding  together  substances  simply  juxtaposited, 
because  the  covering  coat  will  be  one  and  continuous. 
Certain  kinds  of  mosaic  works  are  thus  made,  and 
set  into  a  galvanoplastic  deposit. 
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CHAPTER  LL 

GALVAKOPLASTIO  DEPOSITS  UPON  METALS  (WITHOUT 
ADHEBBNCS) — OALVANOPLASTIO  COPIES  FBOM  DA- 
GUEBRBOTYPES. 

Galvanoplaatic  Deposits  upon  Metdls  (wtihoul 

Adherence). 

The  second  galvanoplastic  problem  consists  in  de- 
positing a  coat  of  copper  upon  another  metal,  and 
in  such  a  manner  that,  the  operation  being  completed, 
the  deposit  may  be  easily  separated  from  the  mould, 
preserves  at  the  same  time  with  mathematical  accu- 
racy the  shape  and  dimensions  of  the  model,  and 
possesses  by  itself  sufficient  body  and  stifibess. 

Such  is  the  method  used  for  reproducing  medals, 
basso-relievos,  etc.,  with  such  a  degree  of  perfection 
as  cannot  be  obtained  by  the  best  processes  of  plastic 
casts  or  moulds  from  the  patterns,  which  we  shall 
soon  describe. 

We  cannot  give  a  more  striking  example  than  the 
interesting  experiment  which  we  have  already  men- 
tioned, and  which  consists  in  reproducing  by  gal- 
vanoplastic  methods  a  daguerreotype  with  all  its 
minutisd.  The  manipulations  are  very  simple,  and 
every  one  will  be  desirous  to  repeat  them  as  follows: 
Take  a  daguerreotype  and  coat  its  back  with  a  resist 
varnish,  then  hold  it  by  a  comer  and  pour  upon  it  a 
small  quantity  of  alcohol,  and  rinse  it  in  fresh  water. 
After  having  connected  it  with  a  conducting  brass 
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wire,  Bteep  it  for  six  or  eight  hours  in  the  bath  of  sul- 
phate of  copper.  The  four  edges  are  then  cut  with 
strong  shears,  and,  by  raising  a  corner  with  a  pen- 
knife or  a  visiting  card,  the  two  sheets  will  be  easily 
separated,  and  will  furnish  two  images,  one  as  perfect 
as  the  other,  but  inverted.  A  causae  of  astonishment 
is,  that  the  daguerreotype  has  not  only  not  received 
any  injury,  but  is  also  perfectly  dry. 

Ketuming  to  the  general  method  of  galvanoplastic 
deposits  without  adherence  of  metals  upon  other 
metals,  we  will,  as  has  before  been  said,  need  to 
cover  zinc,  iron,  or  tin  with  a  previous  coat  of  copper 
in  the  baths  of  double  salts. 

In  this  case,  or  with  a  metal  unacted  upon  by  the 
bath,  we  proceed  as  follows : — 

After  a  thorough  cleaning  of  the  pattern,  we  rub 
it  with  a  brush  charged  with  plumbago,  or,  what  is 
better  and  more  easy,  with  a  soft  brush  slightly  passed 
upon  a  tallow  candle.  The  film  of  fatty  substance, 
which  prevents  the  adherence,  should  not  be  seen  at 
all.  This  latter  method  is  just  as  good,  and  cheaper 
than  that  of  covering  with  gold  and  silver,  sometimes 
employed  to  prevent  adherence. 

It  is  easily  understood  that  the  deposit  represents 
an  inverted  image  of  the  pattern,  and  that  the  raised 
parts  have  become  hollows,  and  conversely.  This 
inconvenience  is  remedied  by  beginning  the  same 
operation  anew  upon  the  deposit  obtained,  and  this 
second  deposit  is  the  accurate  reproduction  of  the 
primitive  pattern.  A  great  many  copies  may  be  made 
from  the  first  hollow  mould  obtained. 
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CHAPTER  LIL 

DEPOSITS  UPON  NON-MBTALLIO  SUBSTANCES. 

Deposits  upon  NonHnetalUc  Stibstmices. 

Thebe  is  really  but  an  artificial  or  relative  adhe- 
rence between  a  deposited  metal  and  a  non-conduct- 
ing mould.  Metals  are  generally,  and  by  the  usual 
methods,  welded  or  soldered  only  upon  metals,  or 
upon  substances,  like  cast-iron  and  steel,  the  pro- 
perties of  which  are  entirely  metallic.  When  we 
speak  of  metallic  deposits  adhering  to  non-metallic 
substances,  it  will  be  well  understood  that  the  con- 
ditions of  juxtaposition  are  such  that,  without  them, 
the  layers  will  become  separated. 

If  we  arrive  at  the  reunion  of  a  metal  with  another 
substance,  it  will  be  because  the  non-metallic  material 
is  completely  enveloped  by  the  metallic  deposit,  or 
because  the  mould  is  undercut,  or  held  by  several 
points  of  adhesion. 

It  is  by  this  process  that  we  are  enabled  to  cover 
with  galvanoplastic  deposits  porcelain,  crystal,  plaster 
of  Paris,  and  other  plastic  materials,  wood,  flowers, 
fruits,  animals,  and  the  most  delicate  insects. 

But  the  first  difficulty  which  we  have  to  overcome 
in  these  various  operations  is,  the  absence  of  con- 
ductive power  for  electricity,  which  characterizes 
these  substances.  It  is,  therefore,  absolutely  neces- 
sary, and  before  everything  else,  to  proceed  to  their 
fjMialliaation. 
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CHAPTER  LIIL 

METALLIZATION — ^PLUMB AGO^  BENDBRING  MOULDS 
IMPERVIOUS  TO  LIQUIDS— METALLIC  POWDERS — 
METALLIZATION  BY  THE  WET  WAY. 

Metallization. 

The  metallization  of  a  noh-condncting  substance 
consists  in  covering  all  the  parts  which  will  receive 
the  galvanoplastic  deposit,  with  a  coat  of  some  mate- 
rial which  will  conduct  electricity  as  well,  or  nearly 
as  well,  as  a  metal.  This  coat  should  be  so  thin  as 
not  to  alter  the  shape  or  the  minutest  parts  of  the 
model. 

We  know  many  methods  for  imparting  the  power 
of  conducting  the  electric  fluid  to  substances  which 
do  not  possess  it  naturally.  Unhappily,  however, 
none  are  perfect,  and  many  are  so  expensive  and 
difficult  as  to  forbid  their  employment.  We  shall, 
nevertheless,  enumerate  those  in  common  use,  and 
which  produce  results  with  which  the  arts  are  obliged 
to  be  satisfied. 


JPlumbago — Gfilt  PlumJmgo-^ Silvered  Plumbago. 

Phmbago^  also  called  black  lead  or  graphite,  is  the 
generally  preferred  metallizing  substance.  Indeed, 
in  a  majority  of  cases,  its  conducting  power  is  suf- 
ficient ;  and  it  may  be  applied  in  films  thin  enough 
not  to  impair  Hie  sharpness  of  the  mould. 
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The  plumbago  found  in  the  trade  is  rarely  pure, 
and  is  contaminated  with  earth,  iron,  and  sometimes 
with  the  sulphide  of  this  metal.  The  impurities  are 
removed  by  digesting  for  twenty-four  hours  with  hy- 
drochloric acid  a  paste  maide  of  plumbago  and  water. 
Several  washings  with  water,  and  a  slow  di'ying  in  a 
stove,  finish  the  operation.  In  this  state,  plumbago 
is  nothing  but  a  peculiar  kind  of  mineral  carbon.  If 
the  plumbago  is  in  large  lumps,  it  should  be  powdered 
and  passed  through  a  silk  sieve. 

Plumbago  is  satisfactory  for  the  metallization  of 
moulds  of  a  certain  nature  and  shape,  but  will  not 
suit  for  others.  For  instance,  the  conducting  power 
of  this  substance  is  sufficient  when  the  surfaces  are 
not  deeply  indented.  At  the  same  time,  the  mould 
should  be  rough  enough  or  sufficiently  adhering  for 
the  plumbago  to  stick  to  it. 

Since  the  publication  of  my  first  edition,  I  have, 
under  the  directions  of  a  skilful  galvanoplastic  opera- 
tor, M.  Tabouret,  prepared  plumbago  with  a  conduct- 
ing power  much  greater  than  that  of  the  ordinary 
substance,  by  incorporating  with  it  gold  or  silver. 

Qilt  Plumbago  is  prepared  as  follow:  In  one 
litre  of  sulphuric  ether  dissolve  10  grammes  of  chlo- 
ride of  gold,  and  thoroughly  mingle  with  it  from  500 
to  600  grammes  of  good  plumbago.  The  whole  is 
then  poured  into  a  shallow  porcelain  vessel,  and  ex- 
posed to  the  action  of  air  and  light.  After  a  few 
hours  the  ether  is  completely  volatilized,  and  the 
powder  is  now  and  then  stirred  with  a  glass  spatula. 
The  desiccation  is  finished  in  a  stove,  and  the  product 
is  ready  to  use. 

Silvered  Plurnhago  is  obtained  by  dissolving  100 
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grammes  of  crystallized  nitrate  of  silver  in  2  litres  of 
distilled  water,  and  mixing  this  solution  with  1  kilo- 
gramme of  good  plumbago.  The  whole  is  dried  in  a 
porcelain  dish,  and  then  calcined  at  a  red  heat  in  a 
covered  crucible.  After  cooling,  the  product  is  pow- 
dered again,  and  sifted. 

Plumbago  thus  metallized  conducts  electricity 
nearly  as  well  as  a  metal,  and  although  very  expen- 
sive is  preferred  by  intelligent  artists. 

Rendering  moulds  Impervwua  to  Liquids. 

Certain  substances,  before  being  coated  with  plum- 
bago, are  submitted  to  a  previous  operation,  because 
they  are  porous,  and  will  be  rapidly  spoiled  by  the 
solution  of  sulphate  of  copper  which  penetrates  them. 
Such  are  carbonate  of  lime  (chalk  and  marble),  sul- 
phate of  lime  (plaster  of  Paris),  wood  and  other 
spongy  materials.  It  is  therefore  necessary  to  render 
them  impervious  before  the  metallization,  by  covering 
them  with  a  coat  of  varnish,  or  by  saturating  them 
with  wax,  tallow,  or,  still  better,  with  stearin. 

For  instance,  we  shall  take  a  plaster  cast,  and  de- 
scribe the  manipulations :  Afl^r  having  cut  a  groove 
on  the  rim  of  the  mould,  we  place  in  it  a  brass  wire 
which  is  twisted,  and  one  end  of  which  is  long  enough 
to  facilitate  the  operation  (Fig.  102).  The  plaster 
cast,  previously  dried,  is  then  dipped  into  a  bath  of 
molten  stearin  kept  at  a  temperature  of  about  80^  to 
100°  C,  ^nd  we  immediately  observe  a  number  of 
babbles  of  air  escaping  from  the  mould  to  the  surface. 
What  remains  of  dampness  is  also  removed. 

When  the  production  of  air  bubbles  is  considerably 
diminished,  the  cast  is  removed  from  the  bath,  and 
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soon  becomes  dry,  by  the  absorption  of  the  last  por- 
tions of  stearin.* 

Fig.  103. 


When  the  cast  has  become  tepid,  it  is  covered 
with  powdered  plumbago,  and  allowed  to  cool  off  en- 
tirely. Then,  after  breathing  upon  it,  it  is  rubbed 
thoroughly  with  a  brush  covered  with  plumbago ;  and 
ae  upon  this  operation  depends  the  regularity  of  the 
deposit,  we  must  be  careful  to  render  the  surfaces 
completely  black  and  bright,  without  gray  or  whitish 


*  If  tbis  oper&tiftii  has  lieeii  effected  with  great  care  and  desn- 
linesB  (apoQ  alum  plaster),  it  is  sufHcieat  to  rub  with  a  woollen 
rag,  and  afterwards  burnish  the  steariaed  cast,  to  impart  to  it  a 
kiDd  of  transparency.  Thne  are  made  those  religioas  emblems, 
angels  and  Christs,  fixed  upon  velvet  or  ebony,  and  which  so  veil 
imitate  ivory.  In  this  case,  the  stearin  employed  mast  be  very 
pnre,  or  simply  contain  a  small  proportion  of  spermaceti,  and  it 
should  be  melted  on  a  water  bath  in  glass  or  porcelain  vessels. 
The  plaster  of  Paris  may  receive,  by  absorption,  vartooB  color* 
before  it  is  plunged  into  the  stearin  bath. 
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"When  the  mould  is  very  indented  or  undercut,  it 
hecomes  difficult  to  employ  plumbago,  and,  in  such 
case,  we  metallize  the  whole,  or  the  deep  parts  only, 
by  the  wet  way. 

It  is  generally  believed  that  soft  brushes  should  be 
employed  for  rubbing  plumbago.  It  is  a  mistake 
which  prevents  many  beginners  from  succeeding ;  I 
use  myself  watchmaker's,  and  even  blacking  brushes. 
I  thus  obtain  sufficient  friction  for  causing  the  adhe- 
rence of  the  plumbago,  without  injury  to  the  mould. 
Artist's  modelling  wax  alone  requires  soft  brushes. 

The  metallization  of  stearined  articles  is  satisfactory 
with  articles  of  alabaster,  plaster  of  Paris,  wood,  etc. 
For  the  latter,  however,  I  prefer  a  protracted  steep- 
ing in  fatty  oil,  or  simply  in  linseed  oil.  The  object 
must  be  rubbed  dry  before  the  plumbago  is  applied. 

When  the  substances  to  be  metallized  are  not  po- 
rous, they  are  covered  with  a  thin  coat  of  varnish, 
which,  when  nearly  dry,  receives  the  plumbago.  This 
method  applies  to  glass,  porcelain,  stoneware,  horn, 
and  ivory. 

It  is  by  analogous  processes,  that  Mr.  Oudry  has 
succeeded  in  the  regular  manufacture  of  what  may  be 
called  "  galvanoplastic  (^fs  d'oswwre,"  and  which  con- 
contribute  so  much  to  the  decoration  of  our  streets, 
public  gardens,  and  squares.  Such  are  the  monu- 
mental fountains  and  gas  candelabra  which  this  in- 
quiring and  indefatigable  worker  has  succeeded  in 
coating  with  a  copper  deposit,  sufficiently  uniform  to 
respect  the  beauty  of  the  ornaments,  and  durable 
enough  to  withstand  shocks  and  friction,  and  the 
action  of  the  atmosphere,  and  to  acquire  the  appear- 
ance of  bronze.  These  castings  are  generally  of 
cast-iron.    Many  trials  had  been  made  to  coat  them 
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with  a  sufficient  thicknees  of  copper;  bat  all  the 
attempts,  which  were  conducted  in  one  manner,  that 
is  to  say,  a  previous  cleansing  of  the  cast-iron  in  acid 
pickles,  a  first  coating  of  copper  in  a  bath  of  double 
salts,  and  then  a  second  in  that  of  sulphate  of  copper, 
resulted  in  failures  on  account  of  the  nature  of  cast- 
iron  itself.  Indeed,  this  metal  is  always  porous,  full 
of  holes,  of  sand,  and  of  carbon  and  sulphur ;  there- 
fore, the  deposit  of  copper  presented  the  same  imper- 
fections, and  was  not  continuous.  The  result  was 
that  damp  air  soon  peneti^ated  between  the  two  metals, 
the  iron  was  oxidized,  and  the  copper  raised. 

Avoiding  the  errors  of  his  predecessors,  Mr.  Oudry, 
instead  of  cleansing  the  cast-iron,  covers  it  with  a 
fat  varnish,  very  plastic  and  resisting,  and,  at  the 
same  time,  sufficiently  elastic  to  follow  the  dilatations 
or  the  contractions  of  the  metal.  "When  this  varnish 
is  nearly  dry,  it  is  covered  with  plumbago,  and  the 
object  is  immersed  in  the  galvanoplastic  bath.  Such 
is  the  process  by  which  are  coppered  and  then  bronzed 
a  multitude  of  articles  of  wrought  and  cast  iron  in- 
tended to  withstand  the  action  of  the  atmosphere.  Mr. 
Oudry  thus  manufactures  a  large  quantity  of  garden 
benches,  fountains,  vases,  statues,  railings,  etc.,  and 
could  cover  a  whole  ship  with  a  continuous  copper 
sheathing,  if  he  had  a  sufficiently  large  galvanoplastic 
trough. 

Metallization  of  Ceramic  Articles. 

For  ceramic  wares,  other  processes  are  employed, 
which  give  more  rapid  results.    For  instance: — 

After  having  varnished  the  portions  of  the  piece 
to  be  coppered,  they  are  covered  with  very  finely 
laminated  foils  of  lead,  which  bend  to  all  desired 
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shapes ;  then  a  brass  conducting  wire  is  connected 
with  the  lead,  and  the  whole  is  dipped  into  the  bath, 
where  the  copper  is  immediately  deposited  upon  the 
metallic  parts.  It  is  by  similar  methods  that  we 
succeed  in  doubling  with  a  continuous  coat  of  copper 
glass  flasks  and  retorts,  tubes,  dishes,  and  other 
culinary  vessels  of  glass,  stoneware,  earthenware,  or 
porcelain.  Unhappily  it  was  soon  found  out  that  the 
dilatations  of  the  article  and  of  the  copper  deposit 
were  difierent,  and  that  an  empty  space  remained 
between  the  article  and  its  covering,  thus  increasing 
the  chances  of  breakage.  It  is  desirable  that  the 
chemical  arts  should  possess  vessels  of  glass,  porce- 
lain, or  stoneware  covered  with  copper,  in  order  to 
replace  enamelled  cast-iron  which  sinters  and  scales 
off  rapidly.* 

Ifevertheless,  the  arts  of  luxury  have  made  good 
use  of  this  kind  of  deposit,  and  we  may  see  crystal 
vases  entirely  covered  with  copper,  upon  which  have 
been  deposited  other  layers  of  gold  and  silver.  The 
chaser  may  then  penetrate  with  his  tool  at  different 
depths,  and  uncover  one  after  the  other,  and  at  de- 
termined places,  first  the  layer  of  silver,  next  that  of 
copper,  and  at  last  the  crystal  itself.  The  vase  will 
appear  as  if  set  in  a  net  of  various  colors.  A  goblet, 
a  paper  weight,  and  any  analogous  article  may,  of 
course,  be  treated  in  the  same  manner. 

*  With  the  Jtid  of  an  intelligent  mannfactarer  who  has  been 
willing  to  follow  mj  advice,  I  am  able  to  furnish  chemists  and 
Other  operators  with  porcelain  dishes  (capsules)  much  superior 
to  all  others;  These  dishes  are  made  as  thick  as  desired,  and 
eajoj  the  property  of  never  breaking  on  the  fire*  They  may  be 
heated  without  care,  and  several  metals  may  be  melted  in  them. 
They  are  as  white  and  as  well  made  as  those  of  the  manufacture 
of  Sevres. 


^ 
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A  very  8kilful  electrician,  and  an  artist  at  the  same 
time,  Mr.  Chablin,  ornaments  on  a  large  scale,  by 
galvanoplastic  processes,  porcelain,  ceramic,  and 
crystal  wariBS.  His  method  of  metallization  is  quite 
different  from  those  already  described,  and  he  simply 
uses  as  a  conducting  metal  the  same  coat  of  gold 
which  is  applied  upon  porcelain  by  the  old  and  well- 
known  processes.  The  fineness  of  the  details  can 
scarcely  be  imagined,  and  the  durability  and  firmnesa 
are  so  great  that  there  is  no  necessity  whatever  to 
imprison  the  object  in  the  galvanoplastic  deposit. 
Let  us  suppose  that  a  plate  of  porcelain  is  to  receive 
in  its  centre  an  ornament  or  initials  in  metal  and  in 
relief:  The  gold  ornament  is  first  painted  with  the 
pencil,  and  fixed  in  the  usual  manner  by  heating  the 
plate  in  a  muffle.  The  mere  metallic  film  thus  ob- 
tained is  put  in  contact  with  a  very  thin  conducting 
wire,  and  the  whole  immersed  in  .a  galvanoplastic 
bath  of  copper,  silver,  or  gold,  where  the  deposit 
takes  place  in  the  same  manner  as  upon  an  ordinary 
metal,  and  the  adherence  is  as  perfect  as  that  of  the 
film  of  gold  upon  the  porcelain.  The  deposit  is 
afterwards  polished,  chased,  or  ornamented  on  the 
lathe.  JSTothing  is  more  beautiful  than  this  kind  of 
ornamentation,  and  the  numerous  samples  seen  in 
our  jewelry  stores  often  puzzle  the  beholder. 

Metallic  Powders. 

We  have  said  that  when  a  metal  is  plunged  into 
the  bath  of  sulphate  of  copper,  it  is  immediately 
covered  all  over ;  on  the  other  hand,  we  know  that 
the  deposit  begins  only  at  the  points  of  contact  of 
the  conducting  wire  with  a  surface  covered  with 
plumbago,  and  that  it  reaches  the  centre  very  slowly. 
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It  follows,  therefore,  that  while  the  metal  is  an  ex- 
cellent conductor  of  electricity,  plumbago  is  relatively 
a  poor  one. 

It  has,  therefore,  been  attempted  to  replace  plum- 
bago by  exceedingly  fine  metallic  powders;  and 
bronze  powders,  shell  gold,  silver  reduced  by  copper 
or  hydrogen,  antimony  and  bismuth  in  impalpable 
powder  have  been  successively  tried  without  good 
results,  either  from  a  want  of  adherence,  or  from  the 
dissolving  action  of  the  copper  bath.  Some  operators, 
however,  continue  to  use  a  mixture  of  bronze  powder 
and  plumbago,  and  claim  to  be  satisfied  with  it;  but 
we  ourselves  greatly  prefer  the  gilt  or  silvered  plum- 
bago, prepared  in  the  manner  already  descrilfed. 

Metallization  by  the  Wet  Way. 

If  metals  applied  in  impalpable  powder,  but  by 
purely  mechanic  means,  have  not  given  results  as 
good  as  expected,  such  is  not  the  case  with  the  me- 
tallization resulting  firom  the  reduction  upon  the 
mould  itself  of  certain  metallic  salts.  Silver,  gold, 
and  platinum,  thus  reduced  from  their  solutions,  have 
an  excellent  conducting  power,  probably  because  they 
form  a  continuous  layer. 

Silver  is  generally  preferred,  and  its  nitrate  is  dis- 
solved in  certain  liquids,  variable  with  the  substances 
to  be  covered,  as  we  shall  indicate  further  on.  The 
solution  is  applied  with  a  pencil  upon  the  mould,  and 
allowed  to  dry,  and  the  operation  repeated  two  or 
three  times.  Lastly,  the  mould  is  exposed  to  the 
action  of  the  sunlight,  or  of  hydrogen,  pure  or  com- 
bined with  sulphur,  phosphorus,  or  arsenic  (never 
employ  the  last  one).  It  is  still  better  to  fix  it  to 
the  top  of  a  box  which  closes  hermetically,  and  at 
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the  bottom  of  which  is  a  porcelain  dish  holding  a 
small  quantity  of  a  concentrated  solution  of  phoe- 
phorus  in  bisulphide  of  carbon.  After  a  few  hours 
this  solution  is  completely  evaporated,  and  has  re- 
duced to  the  metallic  state  the  nitrate  of  silver  cover- 
ing the  mould,  which  has  become  entirely  black,  and 
is  ready  for  the  galvanoplastic  bath. 

When  we  thus  metallize  woT>d,  porcelain,  and  other 
resisting  substances,  we  dissolve  1  part  of  nitrate  of 
silver  in  20  parts  of  distilled  water.  With  fatty  or 
resinous  materials,  which  cannot  be  wet  by  water, 
we  employ  aqua  ammonia  which  dissolves  the  nitrate 
of  silver  in  all  proportions.  Lastly,  with  very  deli- 
cate articles  which  will  not  bear  a  long  manipulation, 
we  operate  the  solution  in  alcohol,  which  evaporates 
rapidly.  Concentrated  alcohol  •  dissolves  nitrate  of 
silver  but  slightly:  nevertheless,  enough  will  be  dis- 
solved for  metallizing  flowers,  leaves,  mosses,  lichens, 
etc.,  if  we  aid  the  solution  by  a  trituration  in  a  glass 
or  porcelain  mortar. 

We  have  also  recourse  to  the  metallization  by  sil- 
ver (reduced  by  phosphorus  in  bisulphide  of  carbon) 
of  those  deeply  indented  parts  which  cannot  be 
reached  by  even  a  slender  pencil  dipped  in  plumbaga 
In  this  case,  the  mould  is  plunged  entirely  into  the 
solution  of  nitrate  of  silver,  then  allowed  to  dry,  and 
lastly  exposed  to  the  phosphorus  fumes  in  the  manner 
indicated. 

This  process  of  metallization  is  so  pei^ect,  that  a 
silk  cocoon  thus  prepared  may  be  unspun,  and  the 
resulting  fibre  will  possess  a  conducting  power  suffi- 
cient to  immediately  deviate  the  needle  of  the  volta- 
meter, when  used  as  an  electrode  between  this  instru- 
ment and  the  battery. 
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I  have  seen  skeins  of  raw  silk,  after  such  a  metalli- 
zation, covered  with  a  copper  deposit  so  thin  and 
regular,  that  theii'  natural  flexibility  was  scarcely 
impaired.  These  same  skeins  were  afterwards  elec- 
tro-silvered and  gilt ;  but,  on  account  of  the  impossi- 
bility of  cleansing  in  acids,  these  last  deposits  were 
imperfect. 

I  have  also  seen  laces  and  mousselines,  which  were 
coppered,  gilt,  and  silvered,  and  which  had  scarcely, 
or  not  at  all,  lost  their  primitive  suppleness.  It 
was  even  possible  to  burnish  certain  parts,  and  thus 
produce  contrasts  of  dead  and  bright  lustres. 

It  is  important  to  remark  that  if  we  fix  the  con- 
ducting wire  to  the  mould  before  the  metallization, 
the  wire  must  be  of  gold,  silver,  or  platinum,  since 
the  other  metals  rapidly  decompose  the  solution  of 
nitrate  of  silver.  On  the  other  hand,  brass  and  cop- 
per wires  may  be  employed  when  the  metallization  is 
completed,  that  is  to  say,  aft^r  the  reduction  by  phos- 
phorus. 

The  solution  of  phosphorus  in  bisulphide  of  carbon 
is  prepared  as  follows:  Half  fill  with  this  liquid  a 
glass  stoppered  bottle  with  a  large  neck,  then  gradu- 
ally introduce  the  phosphorus  gently  dried  with  blot- 
ting paper,  and  shake  the  bottle  now  and  then. 
Phosphorus  is  dissolved  more  rapidly  than  candy  in 
water,  and  is  added  until  no  more  dissolves.  This 
preparation  requires  great  care  in  the  handling,  be- 
cause in  drying  upon  combustible  materials  it  takes 
fire  spontaneously.  A  piece  of  paper  or  of  cloth 
plunged  into  it,  takes  fire  aft^r  a  few  moments  of 
exposure  to  the  air. 

It  is  not  impossible  to  obtain  galvanoplastic  de- 
posits, without  previous  metallization,  of  a  non-con- 
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ducting  substance.  For  instance,  if  we  bind  a  cameo 
of  agate  with  a  single  copper  wire,  and  dip  it  into 
the  bath,  the  wire  alone  will  receive  the  deposit,  and 
its  volume  will  increase  in  every  direction.  But  if  we 
cover  with  an  insulating  varnish  the  exterior  of  the 
deposit  several  times  during  the  operation,  it  will  not 
increase  except  from  the  periphery,  and  it  will  by  and 
by  cover  the  whole  of  the  cameo.  After  separation, 
the  reproduction  will  be  the  more  perfect  from  no 
foreign  substance  having  been  interposed.  It  is  from 
a  similar  expansion  of  the  deposit  that  non-metallized 
parts  of  moulds  often  become  coated. 


CHAPTER  LIY. 

MOULDXNO  OP  THE  PATTBBN  —  MOULDING  WITH 
PLASTEB  OF  PARIS — ^WITH  STEARIN — ^WITH  WAX 
— ^WITH  MARINE  GLUE — ^WITH  PUSIBLE  METAL— 
WITH  GELATIN,  WITH  GUTTA  PERCHA. 

Moulding  of  the  Pattern. 

All  of  the  preceding  operations  are  effected  upon 
the  object  itself,  which  may  be  considered  as  a  sacri- 
ficed, or  at  least  an  endangered,  mould  or  pattern.  We 
have  mentioned  only  those  objects  entirely  covered 
or  inclosed  by  the  deposit,  or  upon  which  the  metallic 
coating  does  not  adhere,  and  may  be  separated. 

Let  us  take  a  pear,  for  instance :  it  either  will  be 
inclosed  in  a  copper  deposit,  which  will  preserve  the 
shape  of  the  fruit  only  if  the  coat  be  thin  and  not 
granular;  or  after  having  obtained  a  thick  deposit 
the  whole  is  cut  in  two,  and  each  metallic  half  will 
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be  a  mould  representing  exactly  one-half  of  the  fruit. 
We  therefore  see  that  in  the  former  case,  the  galvano- 
plated  object  or  pattern  is  sacrificed,  since  it  remains 
imprisoned  in  the  deposit;  and  in  the  latter  case, 
that  it  is  very  much  endangered.  "We  may  add  that 
with  most  of  the  objects  or  patterns,  even  with  flat 
or  not  undercut  surfaces,  and  such  as  medals  or  basso 
.  relievos  of  (blaster,  bronze,  wax,  etc.,  there  is  a  risk 
of  damaging  them  if  we  effect  the  galvanoplastic  de- 
posit directly  upon  them.  Moreover,  we  thus  obtain 
but  an  inverted  mould,  and  in  order  to  reproduce  the 
true  image,  we  are  obliged  to  make  a  second  deposit 
upon  the  first,  which  is  double  work. 

All  these  considerations  have  naturally  induced  the 
galvanoplastic  operators  to  begin  by  taking  a  mould 
from  the  pattern  or  object  itself,  and  to  submit  this 
mould  to  the  subsequent  operations.  IJTfrom  a  bronze 
medal  we  have  taken  a  cast  in  plaster  of  Paris,  this 
will  be  a  hollow  mould  which  being  filled  afterwards 
with  the  copper  deposit,  will  exactly  reproduce  the 
raised  appearance  of  the  pattern  medal.  In  this  ope- 
ration we  run  no  risk  of  damaging  a  rare  and  valua-*- 
ble  object,  and  we  have  the  advantage  of  being  able 
to  reproduce  it  many  times  and  with  the  same  accu- 
racy, since  we  can  make  as  many  casts  or  moulds  as 
are  desired  from  the  pattern. 

There  are  many  substances  which  may  be  employed 
for  making  moulds,  but  all  are  not  equally  convenient, 
and  we  should  know  how  to  apply  them  in  the  man- 
ner best  adapted  to  each  of  them. 

Moulding  with  Plaster  of  Paris. 

Plaster  of  Paris  stands  first,  not  in  the  order  of 
merit,  but  as  having  been  employed  before  other  sub- 
22 
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stances.  It  is  convenient  for  taking  casts  from 
plaster  of  Paris  itself,  from  stucco,  marble,  alabaster, 
metals,  and  wood.  Being  given  a  plaster  medal  in 
relief,  we  desire  to  obtain  a  hollow  mould  which  will 
furnish  the  true  relief  in  copper  of  the  primitive 
medal.  After  the  original  model  has  been  thoroaghlj 
rubbed  with  soap  or  plumbago,  we  wrap  around  the 
rim  a  piece  of  suflSiciently  stout  paper,  or  a  thin  lead 
foil,  and  we  bind  it  in  such  a  manner  that  the  medal 
to  be  copied,  face  upwards,  is  at  the  bottom  of  the  box 
thus  formed.  It  is  desirable  to  sink  this  box  to  a  cer- 
tain depth  in  a  layer  of  fine  sand,  which  prevents  the 
escape  of  the  semi-fluid  plaster  of  Paiis  through  any 
defective  portion  of  the  apparatus.  Then  in  a  vessel 
filled  with  a  sufficient  quantity  of  water,  we  sprinkle 
fine  plaster  of  Paris  until  the  last  portions  reach  the 
level  of  the  water.  After  waiting  for  one  or  two 
minutes,  the  whole  mass  is  stirred,  and  the  thin  result- 
ing paste  must  be  employed  immediately.  With  a 
pencil  or  painter's  brush  we  give  a  thin  coat  of  this 
paste,  which  is  pressed  into  all  the  recesses,  and  expels 
the  air,  and  we  then  pour  the  remainder  of  the  paste  up 
to  a  proper  height,  and  allow  it  to  set.  After  a  few 
minutes,  the  plaster  becomes  warm  and  hardens,  and 
may  be  separated  from  the  paper.  What  has  run 
between  the  paper  and  the  rim  of  the  medal  is  scraped 
off  clean,  and  the  plaster  cast  will  separate  from  the 
model. 

If,  instead  of  applying  the  first  layer  with  a  brash, 
the  whole  of  the  plaster  were  run  at  once  into  the 
box,  there  would  be  great  risk  of  imprisoning  bub- 
bles of  air  between  the  model  and  the  mould. 

We  have  seen  that  moulds  of  plaster  of  Paris 
cannot  be  introduced  into  the  bath  of  sulphate  of 
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copper,  without  having  been  previously  rendered  im- 
pervious. This  difficulty  prevents  the  more  frequent 
use  of  this  substance  for  moulding,  and  we  prefer 
other  materials  which  are  unacted  upon  by  the  bath^ 
and  which  it  is  sufficient  to  metallize  if  they  are  non- 
conducting. Such  are  stearin,  wax,  fusible  metal, 
marine  glue,  and,  especially,  gelatin  and  gutta  per- 
cha. 

Moulding  with  Stearin^  Wax^  and  Marine  Glue. 

Stearin  is  applied  in  the  same  manner  as  plaster 
of  Paris,  with  this  diflference,  that  the  former  is 
melted  with  the  aid  of  heat,  and  poured  upon  the 
model  when  it  is  going  to  set  (congeal).  "When 
stearin  is  too  new  or  dry,  it  crystallizes  in  cooling, 
and  this  impairs  the  beauty  of  the  cast.  In  such 
case  it  should  be  mixed  with  a  few  drops  of  olive 
oil,  or  with  tallow,  or  suet.  On  the  other  hand,  if  it 
be  too  fat,  it  remains  soft  and  is  difficult  to  separate 
.from  the  mould.  It  should  then  be  mixed  with  virgin 
wax  or  spermaceti. 

As  stearin  contracts  considerably  by  cooling,  its 
employment  should  be  avoided  when  the  copies  from 
the  model  are  required  to  be  perfectly  accurate. 

When  we  desire  to  make  a  cast  with  stearin  of  ai 
plaster  model,  it  should  be  thoroughly  saturated  witk 
water  or  stearin  beforehand,  as  we  have  explaixied  for 
galvanoplastic  deposits  upon  plaster.  It  should!  also* 
be  perfectly  coated  with  plumbago  before  the  melted! 
substance  is  poured  upon  it,  otherwise  the  two>  stea- 
rins will  stick  together,  and  it  will  not  be  possible  to< 
separate  the  cast  from  the  model. 

Wax  is  also  employed  in  the  same  maimer,,  but  its 
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price  and  want  of  hardness  considerably  interfere 
with  its  application. 

Marine  glae  may  be  used  in  the  melted  state,  like 
wax ;  or,  after  having  been  softened  in  hot  water,  it  is 
compressed  upon  the  object  and  allowed  to  become 
hard  again.     This  material  is  now  seldom  used. 

Moulding  with  Fusilile  Metal. 

This  metal,  also  known  under  the  name  of  Darcet's 
alloy,  is  a  perfect  conductor  of  electricity,  and  there- 
fore well  adapted  to  the  production  of  homogeneous 
deposits  of  equal  thickness.  ^Nevertheless,  it  is 
seldom  employed,  on  account  of  the  difficulty  of  the 
operation,  of  its  crystalline  texture,  and  of  the  pre- 
sence of  air  bubbles. 

Here  are  several  formulao  for  this  alloy : — 

I.  Pare  lead 2  parts  in  weight. 

Tin 3    «  " 

Bismuth 5    ^^  <' 

Fusible  at  100  <^  C. 

II.  Pure  lead         •        •        •        .        5  parts  in  weight. 

Tin 8     '*  " 

Bismuth 8      "  « 

Fusible  from  80^  to  90°  C. 

JII.  Pure  lead       ....  2  parts  in  weight. 

Tin 3     *'  " 

Bismuth         ....  5      ^<  ^^ 

Jfcercury        ....  1      "  " 

FutfibleatJO^C. 

lY.  Pure  Lead  ....  5  parts  in  weight. 

Tin         ,  .        .        .        .  3      "  " 

Bismuth  *  ....  5     "  " 

Mercury  ....  2      "  «* 

Fusible  at  53''  C. 

For  those  alloys  without  mercury,  the  component 
metals  may  be  melted  together;  on  the  contraiyy 
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when  merciiiy  is  employed,  it  should  be  added  when 
the  three  other  melted  metals  have  been  removed 
from  the  fire.  In  oi*der  to  obtain  a  thorough  mixture, 
the  alloy  should  be  stirred  with  an  iron  rod,  or  melted 
over  and  east  several  times. 

There  are  several  methods  of  employing  the  fusi- 
ble metal :  Some  run  the  metal  into  a  small  dish,  re- 
move the  oxide  with  a  card,  and  then  apply  the  model, 
and  give  it  a  few  taps  when  the  setting  takes  place ; 
others  put  the  model  into  the  dish  and  pour  the  clean 
alloy  upon  it.  I  have  seldom  succeeded  with  either 
method,  and  that  which  I  have  found  the  most  satis- 
factory is  as  follows :  I  put  the  medal  at  the  bottom 
of  a  small  box  of  iron  or  copper,  and  bury  half  of 
its  thickness  in  plaster  of  Paris ;  then,  covering  the 
medal  with  the  cold  fusible  alloy,  I  apply  heat  until 
it  is  melted,  when  it  is  allowed  to  cool  off.  It  is 
easy  to  separate  the  medal  from  the  fusible  alloy, 
since  the  portion  protected  by  the  plaster  of  Paris 
may  then  be  grasped. 

A  well  made  cast  of  fusible  alloy  is  the  best  mould 
for  galvanoplastic  operations  with  silver  and  gold. 

We  must  not  forget  that  such  alloys  as  contain 
mercury  should  not  be  used  for  taking  casts  from 
metallic  medals  (iron  excepted),  which  would  become 
amalgamated  and  iniured.  Moreover,  copper  de- 
posit!  obtained  upon  such  alloys  are  very  brittle, 
which  indicates  a  combination  of  the  mercury  with 
the  copper. 

Sulphur,  melted  at  a  temperature  of  from  108°  to 
110°  C,  produces  very  neat  and  sharp  casts,  and  it 
is,  therefore,  to  be  regretted  that  it  is  so  very  difficult 
to  get  it  metallized,  and  that  it  transforms  the  de- 
posit of  copper  into  sulphide. 
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Moulding  with  Oelatin. 

The  di£ferent  substances  which  we  have  indicated 
are  employed  for  moulding  those  objects,  the  surfaces 
of  which  present  no  undercut  parts  which  preyent 
the  separation  of  the  pattern  from  the  mould. 

In  certain  peculiar  conditions,  the  elasticity  of 
gelatin  and  gutta  percha  allows  of  the  possibility  of 
removing  them  from  undercut  or  highly  wrought 
parts,  and  they  reacquire  the  shape  and  position  they 
had  before  the  removal. 

This  valuable  property  is  found  in  gelatin  to  a 
higher  degree  than  in  gutta  percha,  but  it  requires  a 
very  rapid  deposit,  otherwise  it  will  swell  and  be. 
partly  dissolved  by  too  long  an  immersion  in  the 
solution  of  sulphate  of  copper.  Without  this  incon- 
venience, which  is  capital,  no  other  moulding  material 
would  be  more  convenient  for  galvanoplastic  opera- 
tions. 

For  making  good  gelatin  moulds,  proceed  as  fol- 
lows: Put  a  sufficient  quantity  of  colorless  plates  of 
gelatin  (cabinet-maker's  glue)  in  cold  water,  and  let 
it  swell  there  for  about  24  hours ;  then  drain  off  the 
water^  and  heat  the  swollen  stuff  upon  a  water  bath 
until  it  has  become  of  a  syrupy  consistency,  when  it 
is  ready  to  be  poured  upon  the  object,  which  has  been 
encased  in  a  box  of  pasteboard  or  of  thin  lead.  After 
cooling  for  about  12  hours,  the  gelatin  cast  is  sepa- 
rated from  the  object. 

Many  attempts  have  been  made  to  render  the 
gelatin  impervious ;  or,  at  least,  to  enable  it  to  bear, 
without  alteration,  a  longer  immersion.  Here  are 
several  receipts  which  are  considered  among  the 
best : — 
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1.  Dissolve  200  grammes  of  the  best  gelatin  in  1 
litre  of  hot  water,  and  add  4  grammes  of  tannic  acid 
(tannin),  and  the  same  quantity  of  rock  candy ;  then 
mix  the  whole  thoroughly,  and  pour  it  upon  the  model 
in  its  box.  After  a  few  hours  the  gelatin  forms  a 
kind  of  semi-transparent  leather,  which  may  be  easily 
separated  from  the  objects  in  high  relief,  of  which  it 
is  an  exact  counterpart. 

2.  A  mould  haying  been  made  with  gelatin  alone, 
a  solution  of  water  holding  10  per  cent,  of  bichro- 
mate of  potassa  is  poured  upon  it,  and  after  draining, 
the  mould  is  exposed  to  the  action  of  the  sun. 

3.  Beat,  in  one  litre  of  distilled  water,  the  whites 
of  two  eggs,  filter,  and  cover  with  this  liquid  the 
entire  surface  of  the  gelatin  mould.  After  drying, 
operate  with  the  solution  of  bichromate  of  potassa, 
as  in  !N'o.  2.  The  solar  action  is  sufficient  to  render 
insoluble  the  coat  impregnated  with  bichromate. 

4.  Pour  upon  the  gelatin  mould  some  varnish,  drain 
carefully,  and  let  it  dry.  The  best  varnish  for  the 
purpose  is  a  solution  of  India  rubber  in  benzole,  or, 
still  better,  in  bisulphide  of  carbon. 

At  all  events,  the  mould  must  be  metallized,  and, 
when  in  the  bath,  submitted  to  a  galvanic  current  of 
great  intensity  at  the  beginning.  When  the  entire 
surface  is  covered  with  the  copper  deposit,  and  when 
swelling  is  no  longer  to  be  feared,  the  intensity  may 
be  reduced. ' 

Moulding  with  Ghitta  Percfia. 

Gutta  percha,  the  discovery  of  which  is  nearly  con- 
temporaneous with  that  made  by  Jacobi,  is  a  sort  of 
gum  resin  or  the  coagulated  juice  of  a  peculiar  vege- 
table.   It  is  entirely  insoluble  in  water,  in  weak  acids, 
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and  in  the  solution  of  sulphate  of  copper.  It  pos- 
sesses the  peculiar  property  of  being  softened  by  heat 
to  the  point  of  becoming  nearly  fluid,  and  of  reac- 
quiring, by  cooling,  its  hardness  and  previous  pro- 
perties, and  that  quite  an  indefinite  number  of  times. 
It  also  derives  the  name  of  vegetable  leather  from  its 
tenacity  and  suppleness.  It  is  much  less  elastic  than 
gelatin,  and  there  is  more  difficulty  in  separating  it 
from  highly  wrought  objects ;  nevertheless,  with  a 
little  practice,  results  truly  surprising  may  be  at- 
tained. 

The  following  is  the  method  of  operating  with  this 
substance:  After  its  purification  by  malaxation  in 
boiling  water,  in  order  to  separate  the  ligneous  and 
soluble  parts,  plates  of  various  thicknesses  are  lami- 
nated, or  lumps  formed.  A  quantity  sufficient  for 
the  intended  mould  is  cut  from  these  plates  or  lumps 
with  a  hot  knife,  or,  what  is  better,  with  a  shoemaker's 
knife,  and  put  in  cold  water,  which  is  gradually  heated. 
The  gutta  percha  is  now  and  then  moved  about,  until 
it  is  soft  enough  to  be  kneaded  with  the  fingers  like 
dough.  It  is  then  ready  for  use  in  one  of  the  follow- 
ing modes:— 

After  having  pulled  the  gutta  percha  in  every  di- 
rection, the  edges  are  turned  in  so  as  to  form  a  kind 
of  half  ball,  the  convex  and  smooth  surface  of  which 
is  applied  upon  the  middle  of  the  model.  Then, 
with  a  vertical  pressure  of  the  palm  of  the  hand,  the 
gutta  percha  is  spread  over  and  forced  to  penetrate  the 
details  of  the  object.  The  kneading  is  continued  as 
long  as  the  material  remains  sufficiently  'soft,  when  it 
is  allowed  to  cool.  As  soon  as  the  whole  is  slightly 
lukewarm,  the  gutta  percha  is  separated  from  the 
model,  and  dipped  into  cold  water,  when  it  hardens, 
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and  may  then  be  handled  without  danger  of  impair- 
ing its  accuracy. 

This  method  is  very  imperfect  in  operation  and  in 
results,  and  its  smallest  inconvenience  is  that  the 
casts  are  seldom  free  from  cavities  due  to  air  bubbles 
or  drops  of  water.  It  is  only  practised  by  beginners 
who  do  not  possess  the  utensils  necessary  for  the 
three  methods,  which  we  shall  describe,  i.  c,  mould- 
ing with  the  press,  moulding  in  the  stove  or  by  sink- 
ing, and  moulding  by  hand  or  by  kneading. 

Moulding  with  the  Press. 

After  having  raised  the  screw  of  the  press,  the 
object,  carefully  coated  with  plumbago  or.  tallow,  is 
put  square  and  firm  upon  the  table  of  the  tool,  and 
surrounded  with  a  ring  or  frame  of  iron,  which  should 
be  a  few  centimetres  higher  than  the  most  raised 
parts  of  the  object.  A  piece  of  gutta  percha,  with 
a  thickness  at  least  double  that  of  the  pattern,  is  cut 
so  as  to  fill  quite  accurately  the  ring  or  frame  of  iron, 
and  then  heated,  on  one  of  its.  faces  only,  before  a 
bright  fire.  To  prevent  the  gutta  percha  from  run- 
ning, it  is  now  and  then  made  to  rotate.  When 
about  two-thirds  of  its  thickness  have  been  softened, 
it  is  placed,  soft  portion  downwards,  in  the  iron  ring 
or  frame,  and  *the  whole  is  covered  with  a  block  of 
metal  exactly  fitting.  The  screw  of  the  press  is  now 
made  to  act  slowly  at  first,  and  then  with  more  energy 
as  the  gutta  percha  becomes  harder  and  more  resist- 
ing. Percussion  presses  are  very  good.  We  under- 
stand that  g^tta  percha,  being  imprisoned  between 
the  pattern  and  the  metallic  block,  is  obliged  to 
penetrate  the  most  intricate  and  delicate  parts  of  the 
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object.     It  is  the  method  employed  by  electrotypere 
of  type  and  engravings. 

In  order  to  demonstrate  the  usefulness  of  this' 
method,  I  shall  presently  indicate  the  processes  fol- 
lowed for  making  the  moulds  of  the  electrotypes  of 
the  figures  printed  in  this  work. 

The  artist  begins  by  drawing  the  figure  with  a  black 
lead  pencil  upon  a  piece  of  hard  wood,  the  surface  of 
which  has  a  coat  of  white  fixed  with  glue.  The  figure 
is  therefore  black  upon  a  white  ground. 

With  appropriate  and  sharp  tools,  the  engraver 
makes  all  of  the  whites  hollow,  whereas  the  black 
lines  remain  in  relief.  This  engraving  on  wood  may 
be  used  for  printing ;  but  we  understand  that  what^ 
ever  be  the  hardness'  of  the  wood  employed,  it  will 
soon  be  shattered,  and  cease  giving  sharp  prints,  and 
the  time  will  come  when  the  artist  and  engravers 
will  have  to  do  the  work  over  again. 

By  means  of  electrotypes  we  avoid  all  this  trouble ; 
and  what  is  more,  we  entirely  preserve  the  wood-cut. 
It  is  sufficient  to  obtajn  a  good  cast  or  mould  in  gutta 
percha,  by  means  of  the  press,  and  we  will  have  an 
accurate  hollow  counterpart  of  the  pattern  in  relief 
This  mould  is  then  coated  with  plumbago  and  pat 
into  the  bath,  where  it  receives  a  deposit  of  copper, 
which  is  much  harder  than  the  wood,  and  an  exact 
copy  of  the  primitive  cut.  The  electrotype  obtained 
is  well  trimmed,  nailed  upon  a  wooden  base,  or  sol- 
dered upon  a  block  of  type  metal,  and  is  ready  for 
printing. 

A  few  more  examples :  Masters  in  the  art  of  en- 
graving trace  their  works  upon  a  plate  of  hard  and 
homogeneous  steel,  and  this  plate,  which  is  often  the 
work  of  several  years,  is  used  for  multiplying  by 
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printing  the  work  of  the  artist.  "We  readily  imagine 
that  the  fineness  of  the  details,  and  the  sharpness 
of  tlie  print,  are  in  inverse  ratio  to  the  number  of 
copies,  and  that  there  arrives  a  time  when  the  work 
of  the  artist  itself,  i.  6.,  the  plate,  becomes  valueless. 
Thence  the  great  value  of  the  first  proofs,  which 
generally  belong  to  a  few  privileged  persons,  and 
which  are  rarely  to  be  found  in  the  trade.  At  the 
present  day,  and  with  electrotypes,  the  primitive 
plate,  which  shows  all  of  the  characteristic  talent  of 
the  artist,  is  entirely  preserved.  Upon  a  mould  of 
gotta  periha,  obtained  with  the  press,  we  deposit  a 
copper  electrotype,  which  is  a  mathematical  copy  of 
the  plate. 

Let  us  now  suppose  that  a  new  edition  is  to  be 
made  of  a  book  of  great  value,  and  which  will  re- 
quire no  further  changes  in  the  text,  the  Bible  for' 
instance.  The  printer,  by  depositing*  in  metallic 
frames  a  multitude  of  small  prisms,  one  extremity 
of  which  represents  a  letter,  a  cipher,  or  a  sign,  and 
called  types,  will  form  pages.  After  the  printing  of 
these  pages,  each  little  prism  will  go  back  to  its  case, 
to  be  used  for  other  pages,  and  the  same  operation 
will  have  to  be  done  over  again  at  each  new  edition. 
Instead  of  that,  and  thanks  to  the  galvanoplastic 
processes,  the  printer  will  not  work  the  edition  from 
the  composed  forms,  but  from  electrotypes  made  upon 
gutta  percha  moulds  pressed  upon  the  types  of  each 
page.  All  typographical  errors  must,  of  course,  have 
been  corrected  previously.  These  electrotypes  are 
much  superior  in  sharpness  of  print  to  stereotypes 
made  of  fusible  alloys. 

In  order  to  prevent  as  much  as  possible  the  coun- 
terfeiting of  its*  notes,  the  Bank  of  France,  not  only 
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unites  upon  the  same  plate  all  kinds  of  engravings, 
but  has  them  executed  by  different  artists,  each  hav- 
ing his  own  modus  faciendi  which  can  be  recognized. 
We  see  how  valuable  such  a  plate  is,  and  how  it  is 
to  be  desired  that  it  should  not  be  submitted  to  the 
destructive  action  of  the  printing  press  and  ink. 
Here  again  all  difficulty  is  avoided  by  a  galvano- 
plastic  reproduction,  Kot  many  years  ago,  a  sheet 
of  lead  well  scraped  upon  one  of  its  faces,  was  sub- 
mitted to  an  energetic  pressure  upon  the  engraved 
plate,  in  order  to  obtain  the  hollow  mould  from  which 
the  electrotype  in  relief  was  produced.  This  method 
was  open  to  objections :  that  with  the  considerable 
pressure  necessary  for  forcing  the  lead  into  the  details 
of  the  engraving,  there  was  danger  of  injuring  the 
latter;  and  that  it  is  difficult  to  find  lead  so  free  from 
'blown  holes,  flaws,  scales,  or  oxide,  as  to  make  perfect 
impressions.  Upon  my  advice,  followed  by  M.  Som- 
mier,  the  learned  printer  of  the  bank,  g^tta  percha 
was  substituted  for  lead,  and  no  further  trouble  is 
now  encountered. 

Moulding  with  a  Counter^movld. 

When  the  gutta  percha  is  compressed  between  a 
highly  wrought  pattern  and  a  flat  metallic  block,  its 
thickness  at  different  places  is  very  variable.  This 
is  very  objectionable,  because  these  various  thick- 
nesses do  not  cool  off  at  the  same  time,  and  often 
prevent  a  good  mould  from  being  obtained.  Many 
intelligent  operators  use  a  (^unter'-mouldy  which  they 
prepare  in  the  following  manner :  After  having  cast 
upon  sand  a  thick  block  of  lead,  they  hollow  oat 
approximately  with  a  graver  the  places  corresponding 
to  the  reliefs  of  the  pattern,  and  conversely,  minding 
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at  the  same  time  the  desired  thickness  of  the  gutta 
percha.  It  is  then  possible  to  spread  over  the  pattern 
a  plate  of  gutta  percha  of  the  same  thickness  all 
through,  which  is  compressed  by  means  of  the  screw 
press  through  the  intermediary  of  the  lead  block. 
This  process  produces  excellent  results.  It  is  even 
possible  to  dispense  with  the  softening  of  the  gutta 
percha,  if  it  be  thin,  but  the  pattern  and  counter- 
mould  should  be  heated  up  to  about  100°  C.  There 
is,  however,  danger  of  overheating,  in  which  case  the 
gutta  will  stick  fast  to  one  or  other  of  the  surfaces. 

Moulding  in  the  Stove  or  hy  Sinking. 

The  moulding  with  the  press,  which  we  have  de- 
scribed in  extenaOj  is  suited  to  those  objects  which 
are  comparatively  flat,  and  which  will  bear  pressure. 
Moreover,  it  requires  the  employment  of  a  screw  press, 
which  instrument  is  sufficiently  costly  to  deter  ama- 
teurs, and  even  operators,  from  buying  one. 

This  new  method  of  moulding  does  not  require  any 
press,  and  is  convenient  for  many  brittle  articles  of 
plaster  of  Paris,  marble,  alabaster,  and  other  analo- 
gous substances.  The  pattern  is  put  upon  a  dish  of 
iron  or  earthenware,  or  simply  upon  a  piece  of  sheet- 
iron,  the  edges  of  which  have  been  turned  up.  Then 
a  ball  of  gutta  percha  is  placed  in  the  middle  of  the 
object  to  be  moulded,  and  the  whole  is  placed  in  a 
stove,  where  the  temperature  is  sufficient  to  melt  the 
gutta,  and  not  high  enough  to  bum  it.  The  stoves 
of  many  ranges,  especially  those  of  glazed  earthen- 
ware heaters,  are  very  good  for  this  purpose.  The 
large  operators  employ  special  arched  ovens  with  the 
fireplace  at  the  bottom,  and  all  of  the  space  is  tra- 
versed by  iron  bars  for  the  support  of  the  iron  dishes 
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which  hold  the  pattern  and  the  gatta  percha.  Ib 
this  manner,  it  is  easy  to  watch  the  operation  and 
avoid  too  much  heat.  The  gutta  percha  becomes 
gradually  soft  and  penetrates  all  the  details ;  when 
it  has  sunk  completely,  it  is  removed  from  the  stove, 
and  Allowed  to  cool  off  until  it  still  retains  sufficient 
elasticity  to  be  separated  from  the  pattern.  The 
shape  of  a  sphere  or  ball  given  to  the  gutta  percha  is 
intended  for  driving  out,  while  it  sinks,  the  air  which 
otherwise  might  become  imprisoned  betvfeen  it  and 
the  pattern. 

Moulding  hy  Hand  or  hy  Kneading. 

The  foregoing  process  does  not  suit  those  objects 
which  will  not  bear  the  heat  of  the  stove,  but  which 
will  support  the  contact  of  softened  gutta  percha, 
sulphur,  wood,  statuary,  pasteboard,  etc.,  for  instance. 
In  this  case,  we  heat  the  gutta  percha  slowly  in  one 
of  the  above  stoves,  or  otherwise,  until  it  becomes  a 
semi-fluid  paste,  and  we  pour  a  sufficient  quantity  of 
it  upon  the  pattern  previously  placed  in  an  iron  frame 
or  ring.  "We  wait  a  few  minutes,  and  then  with  wet, 
or,  which  is  preferable,  oiled  fingers,  we  knead  the 
gutta  to  make  it  penetrate  all  of  the  details  of  the 
pattern,  and  until  it  yields  to  the  pressure  with  diffi- 
culty. This  last  process  is  employed  by  the  majority 
of  amateurs,  and  by  many  professional  workers. 

"Whatever  is  the  method  followed,  there  are  certain 
precautions  needed  for  separating  the  mould  from  the 
pattern.  First,  we  should  cut  off  with  a  shoemaker's 
knife  all  of  the  useless  parts  of  the  gutta  percha,  and 
especially  those  which  may  have  passed  under  the 
pattern  and  bind  it.  Then  the  proper  position  and 
shape  of  the  covered  pattern  must  be  ascertained, 
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because  when  it  is  undercut,  either  the  pattern,  if 
brittle,  will  be  broken,  or  the  gutta  percha  will  be 
torn,  if  we  remove  it  in  the  wrong  direction. 

In  moulding  with  the  press,  gutta  percha  without 
mixture,  but  of  the  best  quality,  is  generally  em- 
ployed. 

For  the  other  methods  of  moulding  by  sinking  or 
kneading,  the  gutta  percha  is  nearly  always  mixed 
with  certain  substances  which  increase  its  fusibility, 
such  as  linseed  oil,  lard,  tallow,  and  yellow  wax. 
Their  proportions  may  vary  ad  infinitum^  although 
they  should  never  be  over  one-third  of  the  total 
weight.  For  instance,  the  mixture  with  linseed  oil 
is  made  by  heating  in  a  kettle  of  iron,  copper,  or 
stoneware  1  part  of  linseed  oil,  and  when  its  tempe- 
rature has  reached  from  80°  to  100°  C,  by  adding 
gradually,  and  stirring  with  a  wooden  rod,  2  parts  of 
gutta  percha  cut  into  small  pieces.  When  the  whole 
is  in  a  pasty  form,  and  begins  to  swell  up  with  the 
production  of  thick  fumes,  the  kettle  is  removed  from 
the  fire,  and  its  contents  thrown,  with  the  aid  of  the 
stick,  into  a  large  volume  of  cold  water,  where,  with- 
out loss  of  time,  the  paste  is  kneaded  and  pulled  in 
every  direction.  While  still  hot,  it  is  placed  upon  a 
slab  of  marble  or  polished  stone,  and  formed  into 
lumps,  slabs,  etc.,  which  may  afterwards  be  laminated 
between  middling  warm  rollers. 

Gutta  percha  may  be  used  for  quite  an  indefinite 
length  of  time.  .  The  old  is,  up  to  a  certain  point, 
preferred  for  certain  casts,  especially  those  of  copper- 
plate engravings,  since  the  impressions  ar^  finer  and 
more  delicate.  After  a  great  deal  of  use,  neverthe- 
less, gutta  percha  becomes  dry  and  brittle,  and  holds 
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in  it  too  much  plumbago.  An  addition  of  fresh  gutta 
restores  its  previous  qualities. 

Although  it  would  seem,  d  priori^  that  gutta  per- 
cha,  on  account  of  the  heat  necessary  for  its  employ- 
ment, is  not  very  well  adapted  to  the  moulding  of 
animal  or  vegetable  substances,  I  have,  however,  seen 
masterpieces  in  this  line,  such  as  very  delicate  insects 
and  leaves,  reproduced  in  copper  from  gutta  percha 
moulds.  I  shall  particularly  mention  nettle  leaves, 
which  were  so  perfect  that  all  the  hairs  on  their  sur- 
face were  to  be  seen.  The  operation  was  conducted  as 
follows:  One  of  the  sides  of  a  fresh  leaf  was  covered 
by  means  of  a  brush  with  a  thin  paste  of  plaster  of 
Paris,  and,  after  the  drying  of  this  first  coat,  other 
layers  were  applied  until  a  resisting  block  had  been 
obtained  with  the  leaf  uppermost.  The  free  side 
was  then  covered  with  several  coats  (always  with  a 
brush  or  pencil)  of  gutta  percha  dissolved  in  bisul- 
phide of  carbon,  and  lastly  with  melted  gutta.  The 
mould  was  removed  from  the  leaf,  metallized,  and 
immersed  in  the  galvanoplastic  bath. 

Impressions  have  also  been  taken  with  India  rub- 
ber (caoutchouc),  and  I  possess  very  fine  samples  of 
such  moulds.  I  do  not  understand  why  this  material 
is  not  employed  more  extensively,  since,  for  certain 
works,  its  elasticity  renders  it  much  superior  to  gutta 
percha. 

Note. — Models  of  plaster  of  Paris,  from  which  moulds  of  Ah 
Bible  metal  or  of  gelatin  (glue)  are  to  be  (aken,  will  stand  the 
operation  much  better  if  they  have  been  hardened  by  being  satu- 
rated with  boiled  linseed  oil,  to  which  a  certain  proportion  of 
dryer  has  been  added.  They  are  oiled  again  just  before  pouring 
the  gelatin  over  them.-— Trans. 
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CHAPTER  LT. 

OALVANOPLASTIC  DEPOSITS  ON  PATTERNS  WITHOUT 
DELITEBT  (UNDEHCUT),  AND  WHICH  ARE  SAOBI- 
PICED LKNOIR'S  PEOOK88— OALVANOPLASTIO  ME- 
THOD FOR  ARTIOLBS  in  HIGH  BELIEF  WITH  GUTTA- 
PBBOHA  MOULDS. 

Oalvam^laatic  Deposits  on  Patterns  without  Delivery 
(  Undercut),  arid  which  are  Sacrificed. 
Here  is  an  ingenious  method  of  obtaining  a  cop- 
per mould  and  a  copy  afterwards  from  patterns  so 
undercut  that  they  must  be  sacrificed.     For  instance, 
a  human  bead  in  plaster  of  Paris  is  rendered  imper- 
vious, and  then  metallized.    Af- 
ter a  galvanoplastic  deposit  of  Fig.  103. 
copper  has  been  effected  on  its 
surface,  the  plaster  is  removed  by 
boiling,  and  breaking  it  through 
the  opening  of  the  neck.    The 
continuous  mould  of  copper  thus 
obtained  is  slightly  greased  in- 
side, and  serves  as  a  galvano- 
plastic  trough  (Fig.  103),  which 
is  filled  with  the  solution  of  sul- 
phate of  copper.     Bags  filled 
with  crystals  of  blue  vitriol  are 
suspended  to  the  edges,  and  with 
a  separate  battery  and  soluble 
anode,  or  with  a  porous  cell  placed  inside  of  the  mould 
which  is  connected  with  the  zinc,  another  deposit  of 
23 
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copper  takes  place  in  the  cavity.  When  the  thick- 
ness of  the  metal  is  sufficient,  the  mould  or  first  de- 
posit is  peeled  oflT,  and  we  obtain  the  copper  repro- 
duction of  the  object  in  high  relief.  This  process  is 
expensive,  but  gives  sure  results  with  large  patterns 
having  large  raised  parts.  With  small  or  narrow  ob- 
jects, or  those  the  protuberances  of  which  are  very 
crooked,  we  prefer  moulds  in  several  parts^  although 
the  seams  are  always  seen  and  require  mending. 

Lenoir* 8  Process — Oalvanoplastic  MeQuodfor  Articles 
in  High  Relief  with  QvUa^Percha  Moulds. 

It  is  but  natural  to  insert  in  this  place  the  gal- 
vanoplastic  method  for  articles  in  high  relief  with 
gutta-percha  moulds  invented  by  Lenoir,  to  whom 
the  arts  are  indebted  for  several  valuable  discoveries, 
especially  the  gas  engine,  which  bears  his  name,  and 
the  composition  of  the  white  enamel  upon  copper 
dial  plates,  which  was  a  secret  and  monopoly  of 
Venice,  until  he  discovered  it  for  his  own  country- 
men. 

Lenoir  had  been  struck  by  the  enormous  labor 
required  for  finishing  up  a  bronze  coming  fi*om  the 
foundry ;  retouching,  filling  up,  scraping,  smoothing, 
and  chasing,  were  as  many  causes  for  rendering  the 
object  accessible  only  to  the  few.  Moreover,  after  a 
passage  through  so  many  hands,  the  reproduction 
was  but  a  shadow  of  the  work  of  the  master.  He 
was  also  well  acquainted  with  the  difficulty  of  sol* 
dering  together  the  various  parts  of  galvanoplastic 
productions,  so  as  to  form  with  them  a  bust,  a  group, 
or  a  statue. 

The  problem  to  be  solved  was  to  obtain  from  a 
pattern  as  many  galvanoplastic  copies  in  one  piece 
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as  deeii'ed,  and  with  euch  an  accnracy  that  the  artist 
to  whom  the  model  was  due  could  not  distinguish  it 
from  the  reproduction. 

"We  shall  see  by  what  series  of  processes,  more 
ingenious  one  than  the  other,  Lenoir  resolved  the 
problem. 

Let  us  take  for  instance,  a  statue  (Fig.  104).  We 
begin  by  making  with  gutta  percha  a  mould  in  sere- 
Fig.  104. 


ral  pieces,  which,  by  means  of  proper  marks,  may  be 
united  together,  and  form  a  perfect  hollow  mould  of 
the  pattern.  All  these  parts  are  carefully  coated 
with  plumbago. 
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On  the  other  hand,  with  platinum  wire,  a  skeleton 
(Fig.  105)  is  made,  which  represents,  grosBO  modo, 
the  pattern,  and  which  must  he  smaller  tbaD  the 
mould,  since  it  is  suspended  in  it  without  any  point 
of  contact. 

Ffg.  105. 


We  already  understand  that  if  the  skeleton  be  in- 
closed in  the  metallized  gntta-percha  mould,  and  the 
whole  immersed  in  the  galvanoplastic  hath,  it  will 
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be  sufficient  to  connect  the  inner  surface  of  the  mould 
with  the  negative  pole  of  the  battery,  and  the  skeleton 
(which  should  have  no  point  of  contact  with  the  me- 
tallized surface  of  the  mould)  of  platinum*  wires 
with  the  positive  pole,  for  decomposing  the  solution 
of  sulphate  of  copper  which  fills  the  mould.  "When 
the  metallic  deposit  has  reached  the  proper  thickness, 
the  gutta-percha  mould  is  removed,  and  we  find 
underneath  a  statue  which  may  be  finished  at  a  very 
small  expense. 

But  if  the  explanation  of  the  process  is  very  simple, 
its  execution  is  not  so  easy,  and  we  shall  examine  all 
of  the  precautions  devised  by  the  inventor  in  order 
to  insure  success. 

First,  it  is  very  difficult  to  ascertain  that  the 
skeleton  anode  is  nowhere  in  contact  with  the  in- 
closing mould.    In  order  to  avoid    such 
contact,  Lenoir   wraps   with  a    spiral    of    Fig.  106. 
India-rubber  thread  all  the  external  parts 
of  the  platinum  anode.    The  India  rubber, 
by  its  thickness,  prevents  the  contact  of 
the  metal  with  the   mould.     Fig.  106  re- 
presents the  manner  in  which  the  spiral  of 
India-rubber  thread  runs  round  the  plati- 
num wire. 

Second,  notwithstanding  all  these  pre- 
cautions, it  was  still  possible  that,  with  the 
increase  of  the  deposit  of  copper,  which  re- 
duced the  distance  between  the  mould  and 
the  anode,  the  latter  and  the  deposit  would  come  in 

^  We  have  heard  that  the  inventor  had  proposed  to  substitute 
tead  wires  for  those  of  platinam.  They  are  cheaper,  and  the  lead 
wires  are  easily  removed  by  melting  them. —  Trans. 
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contact,  and  thence  stop  the  operation  withont  any 
exterior  sign  to  attract  the  attention  of  the  operator. 

This  was  a  great  objection,  safiicient  to  render  the 
whole  process  entirely  useless.  Indeed,  if  in  a  trough 
holding  many  moulds,  one  point  of  contact  were  ee- 
tablished  between  the  two  poles  (mould  and  skeleton), 
all  the  electricity  of  the  battery  would  escape  at  that 
place,  and  the  working  of  the  bath  would  stop  en- 
tirely. 

In  order  to  obviate  this  possible  inconvenience, 
Lenoir  has  devised  the  following  process : — 

All  the  moulds  of  the  same  bath  are  supported  by 
hooks  suspended  to  a  metallic  rod.    These   hooks 

Fig.  lot. 


have  no  contact  with  the  metallized  surfaces  of  the 
moulds,  which  are  connected  with  the  negative  pole 
by  means  of  metallic  wires  terminated   above  the 
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liquid  by  other  iron  vnrea  as  fine  as  hair.  The  con- 
nectiog  wires  of  the  skeleton  anode  pass  through  the 
same  opening  as  the  negative  electrodes,  but  without 
contact,  and  are  united  to  the  positive  pole  (Fig. 
107). 

It  results  from  this  disposition  that,  as  long  as 
there  is  no  contact  between  the  skeleton  and  the 
interior  of  the  mould,  the  electric  fluid  finds  sufScient 
passage  through  the  several  slender  iron  wires  which 

Fig.  108. 
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connect  the  moulds  with  the  battery;  but,  if  any 
contact  takes  place,  the  whole  of  the  electricity 
rushes  to  that  point,  and,  being  too  abundant  for  the 
small  section  of  the  iron  wire,  it  heats  and  bums  it 
out  rapidly.  The  galvanoplastic  work  is  thus  instan- 
taneously stopped  for  this  mould,  and  continues  for 
the  others.  Moreover,  the  broken  wire  shows  the 
operator  where  the  defect  is. 

The  iron  wire  should  be  yery  short,  in  order  to 
bun.  rapidly.    0,»  or  tw.  centletres  k^  euffleient 

Lastly,  it  is  easily  understood  that,  in  closed  moulds 
and  with  an  insoluble  platinum  anode,  the  solution  of 
sulphate  of  copper  will  be  rapidly  transformed  into 
sulphuric  acid  and  wirter.  Hence  the  necessity  of 
allowing  at  the  lower  part  of  the  mould  (under  the 
feet  for  instance),  room  for  two  holes,  through  which 
and  the  opening  at  the  head,  left  for  the  passage  of 
the  electrode,  a  free  circulation  of  the  liquor  in  the 
bath  may  take  place  (Fig.  108). 

When  the  operation  is  completed,  the  gutta-percha 
mould  is  removed,  and  the  skeleton  anode  pulled  out 
by  force.  We  have  still  to  close  three  holes  in  the 
statue,  and  to  file  off  the  seams  left  at  the  junctiou 
of  the  different  parts  of  the  mould,  in  order  to  have  a 
perfectly  accurate  copy  of  the  model. 
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CHAPTER  LVL 

LENGTH  OF  THE  OPERATION, 

LetigOi  of  (he  OperaUon. 

Thebe  are  no  precise  rules  for  dete 
Iraigth  of  time  necessary  for  a  galvanopli 
It  depends  upon  the  thickness  of  the  dea 
the  intensity  of  the  current,  the  dimensi 
more  or  lesa  irregular  shape  of  the  ohjec 
cle  may  be  removed  from  the  bath  wl 
copper  deposit  has  spread  all  over  the  m< 
this  case,  the  pellicle  is  not  sufficiently 
often  perforated  with  many  holes.  ISe 
quantity  of  these  thin  and  defective  depo 
met  in  the  trade,  and  an  appearance  ol 
given  them  by  tinning  the  back  side,  s 
mth  tin  or  some  solder.  These  strengtl 
are  sometimes  put  again  into  the  galvano 
in  order  to  cover  the  solder  with  a  light  I 
per,  and  make  it  appear  as  though  the  thi< 
deposit  were  considerable,  whereas  the 
simply  due  to  the  solder  added. 

It  is  by  analogous  processes  that  are  n 
the  multitude  of  ornamented  plates  fo 
naies  or  cigar  cases,  which  have  contri 
httle  to  the  present  discredit  of  such  gs 
products.  It  is  to  be  hoped  that,  in  the  fi 
factnrers  will  be  more  intelligent  and 
will  not  beg^dge  a  little  more  copper, 
time  to  strengthen  the  deposit  with  so! 
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shall  have  no  holes,  and  a  sufficient  thickness.  Such 
is  thfe  rule  of  those  who  endeavor  to  sell  durahle  arti- 
cles. 

The  firm  of  Ch.  Christofle  &  Co.  possesses  a  patent 
for  filling  with  copper  solder  (copper  and  zinc)  gal- 
vanoplaatic  reproductions.  By  this  process,  they  are 
enabled  to  furnish  to  the  trade  a  quantity  of  perfectly 
finished  and  durable  articles  for  furniture  and  cabinet 
maker's  use.  Similar  objects  were  previously  made 
of  melted  bronze  or  brass,  which  required  trimming, 
chasing,  rose  turning,  etc.,  before  being  ready  for  use. 

For  filling  galvanoplastic  reproductions  with  brass 
solder,  their  exterior  is  first  covered^  with  clay, 
plaster  of  Paris,  or  Spanish  white  mixed  with  char- 
coal dust,  and  the  whole  is  perfectly  dried  in  a  stove- 
room.  This  coat  is  intended  for  preventing  the  cop- 
per deposit  from  losing  its  shape  and  being  oxidized 
by  the  action  of  a  high  temperature.  The  interior 
of  the  article  is  then  filled  with  the  softest  brass 
solder  to  be  found,  and  with  powdered  borax,  which 
are  melted  by  a  gas  or  turpentine  blowpipe.  All  the 
hollow  parts  are  soon  filled  with  the  solder,  which 
imparts  to  them  at  least  as  much  firmness  and  dura- 
bility as  is  to  be  found  in  cast  articles. 


CHAPTER  LVII. 

BEMOYING  THE  MOULD— FINISHING  UP  THE 

ABTICIiES. 

Hemoving  (he  Mould. 

This  operation  consists  in  separating  the  galvano- 
plastic deposit  from  the  substance  of  the  mould,  and 
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it  is  evident  that  there  will  be  nearly  as  many  methods 
as  there  are  substances  employed. 

"With  a  metallic  mould  the  operation  is  very  simple, 
and  it  is  sufficient,  after  having  removed  the  useless 
portions  of  the  deposits  with  a  file,  a  saw,  or  other- 
wise, to  pass  a  card  or  a  blade  of  horn  or  ivory  be- 
tween the  model  and  the  deposit  for  obtaining  their 
separation  without  injury. 

The  operation  is  about  the  same  with  moulds  of 
plaster  of  Paris,  porcelain,  marble,  glass,  or  wood ; 
but  it  is  very  difficult  to  save  a  plaster  mould  which 
has  been  in  the  bath,  and  which  is  nearly  always 
sacrificed  and  separated  into  fragments. 

Moulds  of  wax,  stearin,  fusible  metal,  gelatin,  or 
gutta  percha  are  heated  in  boiling  water  or  otherwise, 
and,  therefore,  their  separation  presents  no  difficulty 
whatever. 

Finishing  up  the  Articles. 

The  articles  separated  from  the  moulds  are  gene- 
rally spotted  with  plumbago,  grease,  or  other  still 
adhering  substances  from  the  moulds.  It  is  usual 
to  heat  them,  so  as  to  burn  out  the  impurities,  and  to 
cleanse  them  by  a  more  or  less  protracted  immersion 
in  a  pickle  of  diluted  sulphuric  acid.  The  heating 
presents  the  advantage  of  rendering  the  copper  de- 
posit softer  and  more  malleable ;  on  the  other  hand, 
it  may  result  in  injury  to  the  minute  detaUs  and  the 
fineness  of  the  copy.  Therefore,  for  delicate  repro- 
ductions, it  will  be  preferable  to  clean  with  alcohol, 
turpentine,  gasoline,  or  benzole,  and  to  rub  the  surface 
with  quite  a  stiff  brush.  We  may  finish  with  a  paste 
of  Spanish  white  (levigated  chalk)  in  water,  which 
is  allowed  to  dry  upon  the  object  before  it  is  wiped 
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out.  In  this  case,  should  any  Spanish  white  still 
remain  in  the  hollows,  it  may  be  dissolved  in  water 
holding  one-tenth  of  its  volume  of  hydrochloric  acid, 
which  does  not  corrode  the  copper.  The  operation 
is  completed  by  rinsing  in  fresh  water,  and  drying  in 
sawdust  or  otherwise. 

When  it  is  desired  to  anneal  the  articles  withont 
injury  to  their  surface,  we  may  plunge  them  into 
boiling  colza,  or  linseed  oil,  or  simply  grease,  which 
will  bear  a  heat  sufficient  for  annealing,  and  will, 
from  their  nature  itself,  prevent  the  oxidizing  action 
of  the  air.  This  annealing  in  fatty  substances,  is 
especially  to  be  recommended  in  the  case  of  highly 
undercut  moulds  of  gutta  percha,  which  may  have 
left  part  of  their  substance  in  the  deep  recesses  of 
the  galvanoplastic  copy.  The  gutta  percha  is  first 
softened,  and  then  dissolved  in  the  fatty  material. 


CHAPTER  LYIII. 

GALVANOPLASTIC  OPERATIONS  WITH  GOLD  OR  SIL- 
VER—GALVANOPLASTIC  BATHS  POB  SILVER  JlSD 
GOLD. 

Galvanoplastic  Operations  wOh  Gold  or  Silver. 

We  have  said  that  is  was  possible  to  obtain  gal- 
vanoplastic deposits  of  gold  or  silver ;  but  the  pro- 
cesses, known  at  the  present  time,  are  more  difficult 
and  less  efiTective  than  those  for  copper.  Indeed,  the 
latter  metal  is  obtained  by  the  reduction  of  simple 
salts,  i.  e.y  compounds  of  one  acid  and  one  base; 
whereas  the  galvanoplastic  operations  with  gold  or 
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silVer  require  baths  of  double  salts,  such  as  the  double 
cyanide  of  gold  and  potassium,  or  the  double  cyanide 
of  silver  and  potassium.  The  sulphate  of  copper  is 
very  soluble  and  easily  reduced ;  on  the  contrary,  the 
sulphate  of  silver  is  but  slightly  soluble  in  waten 
The  sulphate  of  gold  exists  only  hypothetically.  As 
for  the  nitrate  of  silver  and  the  chloride  of  gold, 
which  are  the  most  soluble  salts  of  these  metals,  they 
have  been  tried  without  success. 

A  very  great  disadvantage  with  the  galvanoplastic 
baths  of  gold  or  silver  is  their  alkaline  state,  which 
prevents  the  use  of  a  great  many  substances,  espe- 
cially the  fatty  ones,  for  the  preparation  of  the  moulds. 
Moreover,  these  liquors  possess  a  less  conducting 
power  for  electricity,  and  require  a  better  metalliza- 
tion than  that  with  plumbago.  We  cannot  even  use 
the  reduced  metals  from  solutions  of  nitrate  of  silver 
or  chloride  of  gold,  because  they  are  immediately 
dissolved.  Therefore,  in  the  case  of  somewhat  deeply 
wrought  moulds,  we  are  obliged  to  turn  the  difficulty 
in  this  manner:  After  having  deposited  by  the  ordi- 
nary process  a  thin  pellicle  of  copper,  the  whole  is 
plunged  into  the  silver  bath,  which  then  works  very 
well.  After  the  separation  of  the  copy  from  the 
mould,  it  is  allowed  to  rest  in  a  solution  of  ammonia 
or  of  very  dilute  nitric  acid,  which,  after  a  certain 
length  of  time,  dissolves  the  pellicle  of  copper,  and 
leaves  the  silver  deposit  alone. 

"We  readily  understand  how  imperfect  such  a  re- 
production must  be,  since  there  has  been,  between 
the  mould  and  the  precious  metal,  an  intermediary 
layer  of  copper  of  unequal  thickness.  This  is,  how- 
ever, the  only  process  we  know  of,  when  we  operate 
upon  non-conducting  and  undercut  moulds.    On  the 
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other  hand,  when  the  surfaces  are  even,  or  but  slightly 
in  relief,  we  may  employ  moulds  of  lead,  tin,  or  fusi- 
ble metal,  upon  which  silver  or  gold  will  deposit  well 
and  without  adherence.  We  prefer  lead  to  the  other 
metals,  especially  when  the  mould  may  be  obtained 
by  pressure. 

Here  is  a  process  by  which  we  are  enabled  to  em- 
ploy non-conducting  moulds  for  galvanoplastic  ope- 
rations with  gold  or  silver:  The  pattern  is  covered 
with  a  foil  of  lead  very  thin  and  larger  than  the  ob- 
ject, then  the  gutta  percha  is  applied  upon  it,  and 
the  whole  pressed,  as  has  been  explained  before.  The 
lead  foil,  without  being  torn,  follows  all  the  details  of 
the  pattern,  and  may  be  separated  afterwards  with 
the  gutta  percha  which  it  has  metallized.  Instead  of 
lead,  we  may  employ  silver  or  gold  foils,  which  are 
so  thin  that  the  seams  disappear  by  simple  pressura 
I  recommend  this  method,  which  is  very  simple  and 
easy,  to  those  amateurs  desu'ous  of  obtaining  good 
deposits  of  silver  or  gold. 

A  somewhat  thick  sheet  of  very  pure  lead  may  he 
employed  for  taking  moulds  of  engravings  upon  cop- 
per or  steel.  The  lead  and  the  engraved  plate  are 
passed  between  rollers,  or  simply  pressed  under  a 
screw  press. 

Ghlvanoplastic  Baths  for  Sther  and  GMd. 

The  bath  for  galvanoplastic  operations  with  silver 
is  composed  of — 

Distilled  water 1  litre 

Cyanide  of  potassium 200  grammes 

Nitrate  of  silver,  fused        .        ...      75         ^ 

A  more  economical  solution  is  obtained  by  using 
half  of  the  quantities  of  cyanide  and  nitrate  of  silver, 
for  the  same  proportion  of  water. 
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The  gold  galvanoplastic  bath  is  made  of — 

Distilled  water •        1  litre 

Cyanide  of  potassium 150  grammes 

Neutral  chloride  of  gold*   ....      50         ^^ 

These  baths  generally  work  with  separate  batteries, 
and  with  anodes  of  the  metal  used  in  the  solution. 
Keyertheless,  the  porous  cells  and  zincs  may  be  put 
into  the  bath  itself,  provided  that  the  exciting  liquor 
be  a  more  or  less  concentrated  solution  of  cyanide  of 
potassium,  or  of  common  salt,  but  we  do  not  like  this 
latter  substance.  The  zincs  must  not  be  amalga- 
mated, unless  in  separate  batteries. 

Green  gold  is  obtained  by  mixing  ten  parts  of  gold 
bath  with  one  of  silver  bath,  or,  what  is  preferable, 
by  employing  for  a  certain  length  of  time  a  silver 
anode  in  the  gold  solution. 

The  galvanoplastic  deposits  of  gold  and  silver, 
after  their  separation  from  the  mould,  should  be 
heated  and  scratch-brushed ;  and  it  will  be  advanta- 
geous to  give  them  a  proper  shade  by  a  short  sojourn 
in  ordinary  electro-gilding  or  silvering  baths. 


CHAPTER  LIX. 

GALVANIC  ETCHING THE  FUTUR*. 

Ocihanic  Etching. 

We  have  sa,id  that,  with  baths  working  by  sepa- 
rate batteries,  the  sohMe  anode  or  plate  of  the  same 

^  In  this  case,  we  mean  the  weight  of  the  chloride  of  gold,  and 
not  that  of  the  metal  employed  for  its  preparation. 
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metal  as  that  in  solution  was  connected  with  the 
positive  pole,  and  was  dissolved  at  the  same  time  as 
the  metallic  deposit  was  effected  at  the  other  pole. 

From  this  phenomenon  to  galvanic  etching  there 
is  only  one  step.  Indeed,  it  is  evident  that,  if 
certain  portions  of  the  anode  he  covered  with  some 
insulating  material,  the  others  will  he  dissolved  slowly 
and  more  or  less  uniformly,  and  will  form  the  hollows 
of  an  engraving,  in  which  the  reliefs  will  be  the 
covered  parts. 

Galvanic  etching  is  obtained  by  several  methods, 
which  differ  but  little  one  from  another. 

The  most  simple  process  consists  in  covering  en- 
tirely a  copper  plate,  for  instance,  with  an  insulating 
varnish,  which  is  not  acted  upon  by  the  bath,  and 
then  in  tracing  the  drawing  with  a  graver,  which 
should  penetrate  through  the  coat  of  varnish,  and  ex- 
pose the  copper.  By  using  this  plate  as  the  soluble 
anode  of  a  bath  of  sulphate  of  copper,  and  suspending 
another  copper  plate  at  the  negative  pole,  the  latter 
will  receive  the  deposit,  whereas  the  former  becomes 
hollow  at  the  places  uncovered  by  the  graver.  The  en- 
graving produced  will  need  only  a  slight  finishing  up. 

Instead  of  using  wax,  varnish,  or  any  similar  sab- 
stance  as  an  insulating  material,  we  may  employ  a 
metallic  film,  which  cannot  be  dissolved  in  the  bath. 
Let  us  suppose,  for  instance,  that  the  copper  plate 
has  been  strongly  gilt  with  the  aid  of  the  battery,  and 
that  with  a  graver  we  trace  a  drawing  deep  enough 
to  uncover  the  copper,  this  plate,  being  submitted  to 
the^same  electric  conditions  as  above,  will  be  corroded 
where  the  graver  has  passed,  while  the  gilt  portions 
will  remain  entirely  unacted  upon,  since  the  acid  of 
the  sulphate  of  copper  does  not  dissolve  gold. 
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It  is  equally  easy  to  produce  a  drawing  in  relief 
instead  of  a  countersunk  one,  by  making  the  draw- 
ing with  some  insulating  material  like  varnish  or  a 
lithographic  pencil.  The  uncovered  portions  around 
the  lines  of  the  drawing  will  become  hollow,  and  the 
image  will  be  in  relief.  We  may  also  make  the  draw- 
ing with  the  lithographic  pencil  or  some  varnish,  and 
gild  strongly  the  uncovered  parts ;  then  if  the  varnish 
or  the  grease  of  the  pencil  is  removed,  the  etching 
will  follow  these  lines,  which  will  become  hollow. 

The  baths  employed  generally  hold  in  solution  the 
same  metal  as  that  to  be  engraved ;  thus,  baths  of 
sulphate  of  copper  are  used  for  etching  copper  plates, 
solutions  of  sulphate  of  zinc  for  zinc  plates,  and  gold 
or  silver  baths  for  the  corresponding  metals. 

Nevertheless,  it  is  possible  to  engrave  copper  and 
zinc  plates  with  the  aid  of  the  battery  in  baths  of 
water  simply  acidulated  with  either  nitric,  hydro- 
chloric, sulphuric,  or  acetic  acid;  and  this  process 
seems  to  be  coming  more  and  more  into  use. 

Here  is  a  process,  not  for  engraving,  but  for  sub- 
stituting a  drawing  upon  which  galvanoplastic  copies 
ready  for  printing  may  be  obtained :  Upon  a  var- 
nished plate  of  copper,  a  drawing  is  traced;  this. 
plate  is  dipped  into  a  weak  solution  of  nitrate  of 
binoxide  of  mercury,  and  then  set  perfectly  leveL 
By  covering  it  with  metallic  mercury,  this  becomes 
fixed  upon  the  lines  traced  by  the  graver,  and  takea 
the  meniscus  (curved)  shape,  that  is  to  say,  the  re- 
lief is  the  greater  as  the  engraved  line  is  larger. 
Therefore,  all  the  drawing  is  reproduced  in  relief  by 
the  mercury.  We  may  now  cover  the  plate  with  a 
thin  paste  of  plaster  of  Paris,  and  when  the  latter  haa 
set  (become  hard),  the  two  moulds  are  separated,  and 


370  OALVANOPLASTIC  MAOTPULATIONS. 

the  mercury  still  adheres  to  the  copper.  The  plaster 
mould  will  he  treated  hy  one  of  the  described  me- 
thodsy  either  for  getting  a  counter-mould  from  it,  or 
for  directly  obtaining  a  galvanoplastic  deposit  after 
its  metallization. 

Here  is  another  similar  method  which  gives  a  mould 
immediately  ready  for  the  bath :  The  copper  plate  is 
varnished  as  above,  and  with  the  graving  tool,  the 
parts  which  will  produce  the  blacks  of  the  engraving 
are  uncovered.  A  solution  of  neutral  protochloride 
of  zinc  is  poured  upon  the  plate,  and  quite  a  quantity 
of  Darcet's  metal,  fusible  at  from  80°  to  100°  (see 
page  340),  is  melted  by  means  of  an  alcohol  lamp 
moved  about  under  the  copper  plate.  The  operation 
is  facilitated  by  spreading  the  fused  metal  with  a  small 
iron  rod,  all  over  the  plate.  The  same  result  is  ob- 
tained as  with  the  mercury,  except  that  the  mould 
may  be  immediately  reproduced  by  galvanoplastic 
methods. 

I  have  never  personally  practised  galvanic  etching; 
therefore,  I  have  simply  described  the  processes  which 
I  have  seen  used,  and  every  one  will  choose  what  is 
best  for  his  particular  use. 

In  order  to  complete  the  second  edition  of  this 
work,  and  to  furnish  my  readers  with  sure  processes 
passed  into  regular  practice,  I  have  obtained  the  aid  of 
M.  Eugene  Berthoud,  director  of  the  engraving  works, 
for  printing  rollers,  of  the  important  manufactory  of 
MM.  Gros,  Boman  and  Marozeau,  at  Wesserling. 
With  the  disinterested  consent  of  his  employers, 
this  intelligent  worker,  always  ready  to  impart  his 
discoveries  to  the  public,  has  addressed  to  me  the 
following  letter,  which  I  transcribe  literally,  being 
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desirous  to  preserve  all  its   sincerity  and  practical 
character : — 

"  Wessebling,  March  23, 1865. 
*'  Mr.  RosELEUB : — 

"  You  may  have  considered  me  guilty  of  neglect 
for  not  having  answered  sooner  your  favor  of  Feb- 
ruary 25th,  but  I  was  quite  unwell  when  I  received 
it,  and  I  beg  to  be  excused  for  the  delay.  Moreover, 
I  had  to  consult,  on  this  subject  of  galvanic  etching, 
one  of  our  employers  who  was  then  absent,  and  as 
soon  as  I  had  obtained  his  full  consent,  I  went  to 
work. 

"  I  have  first  to  thank  you  for  all  the  information 
you  gave  me  in  regard  to  the  deposits  of  copper  for 
moulds,  and  the  metallization  of  moulds.  I  have 
simplified  the  work,  which  is  now  regular  and  cer- 
tain, although  requiring  great  care.  I  have  suc- 
ceeded in  obtaining  in  four  days  deposits  2^  milli- 
metres thick,  and  the  copper  is  malleable,  with  an 
excellent  texture. 

"  If,  in  the  information  I  am  trying  to  give  you  on 
galvanic  etching,  my  expressions  are  not  sufficiently 
technical,  or  do  not  well  reproduce  my  thoughts,  I 
beg  to  be  excused,  since  I  have  never  attended  any 
lectures  on  chemistry  or  physics,  and  all  that  I  may 
say  is  the  result  of  my  observations  and  experience. 
I  rely  on  your  knowledge  for  correcting  all  that 
may  be  incorrect. 

"  The  first  thought  of  galvanic  etching  came  to  me 
after  witnessing  the  danger  of  nitrous  fumes  to  which 
the  engravers  are  exposed  who  etch  with  nitric  acid. 
Moreover,  this  mode  of  operation  is  variable  and  un- 
certain, whereas  that  by  the  battery  is  regular  and 
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sure  in  its  results,  when  the  operation  is  conducted 
with  intelligence. 

"The  primitive  idea  of  galvanic  etching  came  from 
inverting  the  poles,  when,  the  plate  or  object  to  be 
engraved  being  substituted  for  the  anode,  it  became 
dissolved  under  the  influence  of  the  current  at  those 
parts  unprotected  by  the  varnish.  It  seemed  but 
natural  to  suspend  opposite  the  object  to  be  engraved 
a  catode  of  the  same  volume,  surface,  and  metal.  The 
first  trials  made  and  based  on  this  supposition 
showed  me  that  I  was  entirely  mistaken ;  there  was 
an  exaggerated  production  of  hydrogen  at  the  pole 
zinc  or  catode,  and  the  etching  was  irregular.  I  was 
induced  by  these  failures  to  employ  only  the  ex- 
tremity of  the  conducting  wire,  and  since  then  my 
operations  have  been  certain  and  regular.  I  after- 
wards ascertained  that  a  similar  opinion  was  set  forth 
in  the  Marmel  de  Galvanoplastiey  by  MM.  Smee,  Ja- 
cpbi,  and  de  Valicourt. 

"  I  am  now  going  to  explain  rapidly  my  mode  of 
operation,  which  I  have  rendered  as  simple  as  I  could, 
in  order  to  facilitate  the  manipulation. 

"  The  amount  of  electricity  which,  after  three  years 
of  experiment,  I  found  most  suitable  is  obtained  from 
two  DanielPs  elements.  They  have  been  modified 
in  different  ways,  but  the  shape  which  I  prefer  is  that 
with  balloon  (represented  in  the  first  part  of  this 
work).  My  exciting  liquor  is  a  solution  of  common 
salt,  and,  instead  of  a  simple  copper  ribbon  in  the 
porous  cell,  I  employ  a  cylinder  of  sheet  copper  per- 
forated with  many  holes  for  the  free  circulation  of  the 
solution  of  sulphate  of  copper. 

"  The  conducting  wires  are  one  metre  long,  and 
one-half  millimetre  in  diameter.    Their  metal  is  iron 
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for  etching  iron  and  steel,  and  copi)er  or  brass  for 
articles  of  copper,  brass,  or  zinc. 

"  For  iron,  steel,  and  copper  and  its  alloys,  the  bath 
is  water  mixed  with  nitric  acid  until  the  specific 
gravity  is  3°  Banm6.  We  should  not  get  beyond 
this,  because  it  is  sufficient  that  the  bath  conducts 
electricity  well,  for  working  under  good  conditions. 
When  the  plate  or  the  object  to  be  etched  has  been 
graved  with  a  tool  or  the  diamond,  it  is  fastened  in  a 
kind  of  stirrup,  with  which  it  is  suspended  in  the 
bath.  The  conducting  wire  from  the  pole  copper  is 
connected  with  this  stirrup. 

"  When  everything  has  been  arranged  in  the  above 
indicated  manner,  the  object  to  be  engraved  and  the 
end  of  the  connecting  wire  from  the  pole  zinc  are 
immersed  at  the  same  time  in  the  bath.  If  the  ope- 
ration is  well  conducted,  hydrogen  will  immediately 
escape  at  the  end  of  the  pole  zinc,  which  should  dip 
from  two  to  three  centimetres,  and  no  more.  If  the 
escape  of  hydrogen  does  not  take  place,  the  two  con- 
ducting wires  should  be  rubbed  one  against  the  other 
until  hydrogen  bubbles  appear,  which  is  the  indica-^ 
tion  of  good  working. 

"  For  the  past  three  years  we  have  practised  gal- 
vanic etching  in  our  works,  we  have  operated  with 
equal  success  upon  steel  cylinders  weighing  from 
eighty  grammes  up  to  eight  and  ten  kilogrammes, 
and  the  battery  and  conducting  wires  were  the  same 
as  those  already  mentioned. 

"  The  length  of  the  operation  varies  from  one  to 
two  hours,  according  to  the  kind  of  engraving,  and 
especially  the  variable  fineness  of  the  details.  It  is 
possible,  as  when  etching  by  aqua  fortis,  to  varnish 
the  parts  which  are  sufficiently  corroded. 
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"  The  DanieU's  battery,  and  the  nitric  acid  bath  at 
3°  Baum6,  which  I  employ,  prcnJuce  such  trifling 
fumes  that  the  etching  may  be  performed  in  the 
office  of  the  draughtsmen.  '  It  is  a  great  advantage 
for  the  artist,  who  can  superintend  the  operation 
without  loss  of  time. 

"  When  the  etching  goes  on  regularly,  the  furrow 
produced  is  neat,  deep  and  without  fraying,  which  is 
not  always  the  case  with  the  ordinary  etching  by 
acids,  and  the  depth  of  the  furrow  is  regular  even 
upon  the  largest  rollers  presenting  a  great  surface. 

"  I  believe  that  I  can  give  you  a  useful  recipe  for 
amateurs  in  the  galvanoplastic  art,  who  become  more 
numerous  every  day ;  and  I  think  that  it  will  not  be 
out  of  place  in  your  new  edition.  I  mean  a  mastic 
for  rendering  impervious  the  decomposing  troughs ; 
those  of  gutta  percha  being  always  expensive,  espe- 
cially for  persons  of  limited  means.  By  means  of  the 
mastic  which  we  have  employed  for  from  six  to  eight 
years,  a  well  joined  and  screwed  (or  bolted)  oak 
trough  will  certainly  last  from  twelve  to  fifteen  years. 
This  mastic  is  composed  of: — 

Burgundy  pitch 1500  grammes 

Outta  percha  (old  and  cut  into  small  pieces)      250       " 
Pumice-stone  (finely  powdered)    .        •        .      T50       ^ 

^^  Melt  the  gutta  and  mix  it  (by  kneading)  with  the 
pumice-stone,  then  add  the  Burgundy  pitch. 

^^hen  these  three  substances  are  thoroughly  mixed 
and  in  the  liquid  state,  several  coats  of  the  compound 
are  spread  over  the  inside  of  the  trough.  The  angles 
and  corners  receive  a  greater  proportion  of  material, 
which  is  run  in  by  means  of  an  iron  ladle.  These 
various  coats  are  coarse  and  irregular ;  but  an  even 
surface  is  obtained  by  a  heated  sad  iron,  or  a  solder- 
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ing  iron  for  the  angles.  The  heat  cauBes  the  pene- 
tration of  the  wood  by  the  mastic,  and  the  adherence 
is  increased.  The  exterior  of  the  trough  and  the  iron 
parts  are  varnished,  either  with  a  fat  vai*nish  or  the 
residuum  of  some  turpentine  varnish.  It  is  evident 
that  a  trough  thus  prepared  will  resist  the  galvano- 
plastic  baths  at  28^  Baum6,  composed  of  sulphuric 
acid  and  sulphate  of  copper,  and  even  pure  nitric  or 
sulphuric  acid,  provided  that  neither  of  these  latter 
remain  long  in  it.  On  the  other  hand,  this  mastic 
will  not  stand  the  cyanides. 

^^  In  order  to  facilitate  the  use  of  this  mastic  by 
amateurs,  could  you  not  prepare  it  in  the  form  of 
cakes  or  lumps,  which  will  simply  require  melting 
and  spreading?  It  would  be  a  new  article  for  your 
catalogue,  and  a  useful  one,  since  all  the  component 
parts  are  cheap.  The  gutta  percha  employed  by  us 
comes  from  old  machinery  belts. 

"  Here  are,  my  dear  sir,  many  details  which  will 
seem  useless  to  you ;  but  I  consider  the  galvanic  etch- 
ing as  a  philanthropic  progress,  since  it  will  preserve 
the  health  of  many  heads  of  families  whose  lungs 
would  be  ruined  by  nitrous  vapors.  As  an  exhibit,  I 
send  you  a  sample  of  galvanic  etching,  obtained  in 
half  an  hour  and  with  an  old  varnish. 

^^  And  receive,  dear  sir,  my  sincere  salutations, 

EUGENE  BERTflOUD." 

After  reading  this  letter,  summing  up  in  a  clear 
and  smcere  manner  one  of  the  most  interesting  appli- 
cations of  this  science  to  the  arts,  every  one  will  be 
convinced  that  the  writer  should  not  be  so  modest, 
and,  on  the  contrary,  should  be  proud  of  having  been 
his  own  teacher. 
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The  JEhdure. 

On  the  eve  of  finishing  our  hydroplastic  manipula- 
tions, let  us  say  that  the  galvanoplastic  art  is  open 
to  an  infinite  number  of  applications  which  the 
artist  will  discover  rather  than  be  told'of.  Thus,  by 
cutting  an  open  pattern  upon  a  sheet  of  copper, 
spreading  it  even  upon  another  metallic  plate,  and 
dipping  the  whole  into  a  bath  of  silver  or  gold,  the 
empty  spaces  will  be  filled  with  the  new  metals,  and 
the  whole  will  form  a  kind  of  mosaic  work  which  may 
be  very  rich  and  variegated.  It  is  by  an  analogous 
process  that,  after  having  fastened  by  a  thin  coat 
of  varnish  precious  stones  or  other  objects  upon  a 
metallic  plate,  and  the  whole  being  steeped  in  the 
bath  after  metallization,  it  will  be  possible  to  86<  arti- 
ficially difierent  parts  of  an  artistic  production.  A 
pattern  may  be  hollowed  out  with  a  graver  from  a 
plate  of  ivory  or  mother  of  pearl,  and  the  whole  me- 
tallized and  immersed  in  the  galvanoplastic  bath. 
After  the  whole  surface  has  become  covered  with  the 
metallic  deposit,  it  is  sufficient  to  grind  and  polish  it 
until  the  reliefs  of  ivory  or  mother  of  pearl  reappear, 
and  the  metal  will  form  the  incrustations.  In  fact,  we 
may  say  that  there  is  scarcely  any  industry  in  which 
the  galvanoplastic  art  will  not  be  found  serviceable. 
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CHAPTER  LX. 

BBONZING BBONZE  FOB  MEDALS — ^ANOTHEB  BECTPE 

— ^BBONZE  FOB  ZINO — GBEEN  OB  ANTIQUE  BBONZE 
— ^BLAGK  BBONZE — ^BBONZE  POWDEBS  OB  BBON- 
ZINES. 

Brcmzing. 

This  operation  is  intended  to  give  to  new  metallic 
objects  the  appearance  of  old  ones,  by  imitating  as  far 
as  practicable,  whether  by  simple  coats  mechanically 
applied,  or  by  chemical  reactions,  the  characteristic 
appearance  imparted  by  age  and  atmospheric  influ- 
ences to  the  metals  or  metallic  compounds,  and  espe- 
cially to  copper  and  its  alloys.  According  to  the 
composition  of  the  metal,  and  also  according  to  cir- 
cumstances, the  oxidization  results  in  a  great  variety 
of  colors,  tones,  and  shades,  which  the  operator  tries 
his  best  to  imitate.  We  shall  not  give  a  complete 
description  of  the  art  of  bronzing,  since  there  are 
special  treatises  on  the  subject,  which  may  be  profit- 
ably consulted  by  those  who  desire  to  obtain  a  great 
variety  of  colors  and  shades ;  but  we  shall  mention 
two  or  three  processes  which  will  be  easily  applied 
by  galvanoplastic  operators  to  the  various  articles  of 
their  manufacture,  and  especially  to  medals. 

Bronze  for  Medals. 

The  most  simple  is  obtained  by  applying  with  a 
brush  upon  the  cleansed  object  a  thin  paste  made  of 
water  with  equal  parts  of  plumbago  and  sanguine 
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(peroxide  of  iron  with  a  certain  proportion  of  clay). 
The  whole  is  heated,  and  when  the  object  is  entirely 
cold,  it  is  brushed  in  every  direction  and  for  a  long 
time  with  a  middling  stiff  brush,  which  is  frequently 
passed  upon  a  block  of  yellow  wax,  and  afterwardB 
upon  the  mixture  of  plumbago  and  sanguine.  This 
process,  which  is  very  similar  to  that  used  at  the 
mint  of  Paris,  gives  a  very  bright  and  red  bronze, 
suitable  for  medals  kept  in  a  show  case. 

This  bronze  may  also  be  produced  by  plunging  the 
article  into  a  mixture  of  equal  parts  of  perchloride 
and  nitrate  of  sesquioxide  of  iron,  and  heating  until 
these  isalts  are  entirely  dry.  The  rubbing  is  then  made 
with  the  waxed  brush,  as  has  just  been  explained. 

Another  Recipe. 

Cleanse  the  article,  and  cover  it  with  hydrosul- 
phate  of  ammonia,  which  is  allowed  to  dry  entirely ; 
then  brush  with  sanguine  and  plumbago,  and  after- 
wards with  the  waxed  brush. 

If  we  heat  gently  the  piece  impregnated  with  hydro- 
sulphate  of  ammonia,  we  obtain  a  black  bronze  called 
smoky  hronze^  which,  being  uncovered  (lightened)  at 
certain  places,  produces  a  good  effect.  This  last 
bronzing  is  used  for  many  teakettles,  and  is  greatly 
improved  by  burnishing.  Originally  it  was  obtained 
(and  from  thence  it  derives  its  name)  by  heating  the 
copper  articles  upon  a  lighted  bundle  of  wet  straw 
or  hay,  and  it  was  necessatry  to  burnish  the  surfisu^e 
in  order  to  make  the  oxide  penetrate  the  metal. 

Bronze  for  Zinc. 

The  zinc  which  is  to  be  bronzed  must  receive  an 
electro-deposit  of  brass,  which  is  then  dipped  into 
a  weak  solution  of  sulphate  of  copper  if  we  desire  a 
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red  tinge.  When  it  is  dry,  it  is  wetted  with  a  rag 
dipped  into  hydrosulphate  of  ammonia,  or  a  solution 
of  liver  of  sulphur  (polysulphide  of  potassium),  or 
protochloride  of  copper  dissolved  in  hydrochloric  acid. 
After  another  drying,  the  surface  is  brushed  over 
with  a  mixture  of  sanguine  and  plumbago,  or  carbo- 
nate of  iron  and  plumbago,  according  to  the  tone 
desired.  The  brush  may  be  slightly  wetted  with  es- 
sence of  turpentine,  which  aids  the  adhesion  of  the 
powders.  The  raised  parts  are  set  off  (strongly 
rubbed),  in  order  to  uncover  the  brass,  and  make  it 
appear  as  if  it  had  been  used  up  by  friction.  The 
object  may  afterwards  receive  a  coat  of  colorless 
varnish. 

Ghreen  or  Antique  Bronze. 

Dissolve  in  100  grammes  of  acetic  acid  INTo  8,  or  in 
200  grammes  of  ordinary  strong  vinegar,  30  grammes 
of  carbonate  or  hydrochlorate  of  ammonia,  and  10 
grammes  each  of  common  salt,  cream  of  tartar,  and 
acetate  of  copper,  and  add  some  water.  When  an  in- 
timate mixture  has  been  obtained,  smear  with  it  the 
copper  object,  and  let  it  dry  at  the  ordinary  tempera- 
ture for  twenty-four  or  forty-eight  hours.  After  that 
time,  the  object  is  entirely  covered  with  verdigris, 
which  presents  various  tinges.  Then  brush  the  whole, 
and  especially  the  reliefs,  with  the  waxed  brash.  If 
necessary,  the  most  raised  parts  are  set  off  with  san- 
guine, or  chrome  yellow,  "or  other  suitable  .  colors. 
Light  touches  with  ammonia  give  a  blue  shade  to  the 
green  portions,  and  carbonate  of  ammonia  deepens  the 
color  of  the  parts  on  which  it  is  laid. 

All  kinds  of  bronze  liquors  are  to  be  found  in  the 
trade,  and  they  bear  the  name  of  acid  bronzes  or  water 
bronzes.    They  are  applied  with  a  brush. 
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Black  Bronze. 

The  oxidized  silver,  and  the  deep  black  with  am- 
monia and  blue  ashes,  which  we  have  described  in 
Chapter  XL.,  furnish  a  fine  black  bronze  much  in 
favor  of  late  years.  A  steel  bronze  is  more  easily  ob- 
tained by  wetting  the  copper  articles  with  a  diluted 
solution  of  chloride  of  platinum,  and  slightly  heating. 
This  bronze  will  sometimes  scale  off  by  friction.  It 
is  also  obtained  by  plunging  the  cleansed  copper  into 
a  weak  and  warm  solution  of  chloride  of  antimony, 
(butter  of  antimony)  in  hydrochloric  acid.  But  it 
happens  sometimes  that  the  coloration  is  violet  in- 
stead of  black. 

Bronze  Powders  or  Bromines. 

We  also  find  in  the  trade  bronze  powders  made  of 
impalpable  brass,  and  which  present  the  most  varied 
shades,  according  to  the  degree  of  oxidization  of  the 
brass  heated  in  contact  with  the  air. 

These  bronze  powders  or  bronzines  are  appliedupon 
metals  to  imitate  bronze,  and  also  upon  articles  of 
plaster  of  Paris,  and  ceramic  wares. 

The  mode  of  operation  is  entirely  mechanical.  After 
the  object  has  been  more  or  less  cleaned,  it  receives  a 
thin  coat  of  fatty  drying  varnish,  which  is  allowed  to 
become  nearly  dry.  The  bronze  powder  is  then  laid 
upon  it  with  a  badger  brush  or  otherwise,  and  adheres 
strongly.  After  drying,  the  whole  is  covered  with  a 
coat  of  transparent  and  colorless  varnish.  This  pro- 
cess evidently  fills  up  the  details,  and  is  suited  only 
to  large  pieces  which  are  imperfectly  finished,  such  as 
cast-iron  dogs  for  fireplaces,  show-cases,  common 
lamps,  plaster  statues,  &c.  It  will  not  do  for  galvano- 
plastic  reproductions,  which  are  intended  to  respect 
the  smallest  details. 
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NEW  NAMES.  OLD  NAMES. 

Boracic  acid Boric  acid, — sedative  salt  of  Hom- 

berg. 

Hydrocyanic  acid Cyanhydric  acid, — pmssic  add. 

Hydrochloric  acid Cblorhydric  acid, — ^muriatie  add,— 

spirit  of  salt 

Chloronitric  acid Aqua  regia. 

Gallic  acid Gall-nuts'  mildew. 

Oxalic  acid .    Sorrel's  acid. 

Phosphoric  acid Glass  of  phosphoms,  when  in  the 

solid  yitreons  state. 

Hydrofluoric  acid Fluorhydric  acid, — phtorhydric  add, 

— fluoric  acid. 

Pyrophosphoric  acid Paraphosphoric  acid. 

Silicic  acid Silicia, — quartz, — flint, — silex,— ox- 
ide of  silicium. 

Stannic  acid Binoxide  of  tin, — ^metastannic  add. 

Stearic  acid Stearin. 

Hydrosulphuric  acid Sulphydric  acid, — sulphuretted  hy- 
drogen gas. 

Sulphurous  acid Sulphurous  gas, — spirit  of  sulphur. 

Sulphuric  acid Oil  of  vitriol. 

Tannic  acid Tannin. 

Tartaric  acid Tartric  acid, — acid  of  tartar. 

Alcohol Spirit  of  wine,  of  beet  roots,  of  whis- 
key, etc.  etc. 

Alloy  of  silver  and  copper  ....    Monetary  alloy, — silver  solder. 

Alloy  of  lead,  bismuth,  and  tin     .    .    Fusible  alloy, — Daroet's  alloy. 

Alloy  of  copper  and  tin Bronze, — bell  metal. 

Alloy  of  copper  and  zinc     ....    Brass, — ^yellow  copper. 

Alloy  of  tin  and  lead Plumber's  solder, — soft  solder,— Go 

solder, — ^lead  solder. 

Alloy  of  nickel,  copper,  and  zinc  .    .    German  silver, — argentan, — maille- 

chort  or  melchior. 

Amalgams Alloys  of  one  or  several  metals  with 

mercury. 

Antimony Begulus, — stibium. 

Nitrate  of  silver Lunar  caustic, — lapis  infemalis,— 

'salt  of  Diana. 

Nitrate  of  bismuth Azotate  of  bismuth. 

Subnitrate  of  bismuth Face  powder, — flowers  of  bismuth. 

Nitrate  of  protoxide  of  mercury  .    .    Proto  or  subnitrate  of  mercury. 

Nitrate  of  binoxide  of  mercury    .    .    Binitrate  of  mercury, — acid  nitrate 

of  mercury, — gas  of  gilders. 

Nitrate  of  copper •    .    Azotate  of  copper. 
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t, —  volatile    alkali, —  lurta- 

iiret  of  gold,— gold  tmmo- 
— fnlminatiDg  gold, — teno- 
of  gold. 

borate  of  lods, — tiockal. 
iber, — gum  elastic 
>Date  of  potassa, — potaili, — 
pearlash,— potash  of  Aineri- 
aaia, — Bait  of  tartar, — ashes. 
te  of  potassa, — saleratDs. 
mate  of  soda, — soda  uh, — 
B  of  soda, — soda  of  Alicante, 
)aDtzic,  or  of  sea-weeds, 
te  of  soda, — Vichy  salt, — 
■powder. 

marble, — limestone, — Span- 
Uendon  White. 

mate    of  ammonia, — carbo- 

'  ammonia, — sal  volatile. 

f  Mars. 

.ted  mnriatic  acid. 

rer, — mnriate  of  silver, — hy- 

in,te  of  silver. 

'  antimony. 

-mnriate  of  tin,  — .hydrochlo- 

— sweet  snblimate, — whit« 
tate,— etc 

I  snblimate, — bimnriate  of 
7, — hydrochlorate   of   mer^ 

of  gold, — mnriate  of  gold, 
salt. 

of  platinum, — mnriate  of 
im, — bichloride  of  platinum. 

salt, — mnriate  of  soda,— 
^t,— eea  salt, — codfish  salt, 

f  sine, — mnriate  or  hydro- 

HDftte,  cyaohydrate,  or  pnuai- 
Bilver. 
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NEW  NAMES.  OLD  NAMES. 

Cyanide  of  copper Prnssiate  or  bydrocyanate  of  copper- 
Cyanide  of  potassium      Hydrocyanate    of    potassa,  —  white 

prnssiate  of  potash. 
Ferrocyanide  of  potassium  ....    Tellow  prnssiate  of  potash,— ferro- 

cyanate  of  potassa, — Cyanoferride 

of  potassium, — Blood's  salt 
Cyanide  of  gold Prnssiate  of  gold, — hydrocyanate  of 

gold. 
Cyanide  of  zinc Prnssiate  of  zinc, — ^hydrocyanate  of 

zinc. 
Gelatin Glue, — glue  of  Flanders,  Givet,  etc^ 

— isinglass. 

Benzine Benzole,  gasoline,  gaseine,  etc  etc 

Arsenetted  hydrogen Arsenide  of  hydrogen. 

Phosphuretted  hydrogen Phosphide  of  hydrogen. 

Mercury Quicksilver, — ^hydrarg^um. 

Binoxalate  of  potassa Sorrel's  salt. 

Oxide  of  silver Silver  lime  or  chalk. 

Oxide  of  copper Binoxide  of  copper, — copper  scales. 

Binoxide  of  tin Stannic  acid, — tin  putty,  when  mixed 

with  oxide  of  lead. 
Oxide  of  potassium Potassa, — caustic   potash, — alcohol 

potassa, — etc. 
Protoxide  of  lead Litharge, — ^massicot, — ^white  oxide  of 

lead,  when  hydrated. 

Sesquioxide  of  lead Bed  lead, — ^minium,—- orange  minenL 

Binoxide  of  lead Peroxide  of  lead. 

Oxide  of  sodium Soda, — alcohol  soda, — caustic  soda. 

Phosphate  of  lime  (tribasic)    .    .    .    Subphosphate  of  lime, — bone  earth, 

— calcined  bones. 
Biphosphate  of  lime Acid  phosphate  of  lime, — saperphoe- 

phate  of  lime. 
Phosphate  of  soda Fusible  salt, — ^microcosmic  salt,— ad- 
mirably pearled  salt. 

Plumbago Black  lead, — ^graphite. 

Spermaceti Whale's  white. 

Double  sulphate  of  alumina  and  po- 
tassa     Potash  alum, — Boman  alum,^cabic 

or  octahedric  alum. 
Double  sulphate  of  alumina  and  am- 
monia   Alum, — ammonia  alum. 

Sulphate  of  lime Plaster  of  Paris,— gypsum,— alabsB- 

ter, — selenite. 
Sulphate  of  copper     ......    Blue  copperas, — blue  vitriol. 
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Sulphate  of  iron Green  copperas, — green  vitriol. 

Sulphate  of  zinc White  copperas, — white  vitriol. 

Sulphate  of  soda Glanber's  salt 

Sulphite  of  soda Snlphnrous  salt, — StahVs  salt 

Sulphide  of  ammoniam Hydrosalphide  of  ammonium,  —  sul- 

phydrate  of  ammonia. 

Trisulphide  of  calcium liver  of  sulphur  of  lime. 

Bisulphide  of  carbon Snlphuret  of  carbon, — spirit  or  liquor 

of  Lampadius. 
Quintisulphide  of  potassium     .    .    .    Polysulphide  of  potassium, — Oliver  of 

sulphur. 
Monosulphide  of  sodium Hydrosulphate  of  soda, — sulphuret 

of  sodium. 
Bitartrate  of  potassa Cream  tartar, — ^tartar, — argols,  white 

or  red. 


CHAPTER  LXIL 

OHEMICAIi  PROBUCTS   ESPECIALLY  EMPLOYED 

IK   THE  ABT. 


Fbom  the  preceding  list  we  shall  choose  a  certidn 
number  of  especially  important  substances,  which  we 
shall  describe  completely.  As  for  those  materials 
which  are  found  sufficiently  pure  in  the  trade,  we 
shall  simply  point  out  their  principal  characteristics, 
and  refer  the  reader,  desirous  of  more  information,  to 
the  numerous  and  valuable  works  on  chemistry. 

Acetate  of  Copper,  neutral  (highly  poisonous). 

(Verdet.    Crystals  of  Venus.) 

It  is  found  in  the  trade  either  in  the  form  of  dark- 
green  crystals,  or  of  a  bright-green  powder — hiahly 
poisonous — soluble  in  water,  which  becomes  green; 
very  soluble  in  ammonia,  and  the  solution  is  of  a 
25 
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sky-blue  color;  forms  colorless  double  salts  with 
cyanide  of  potassium  and  sulphite  of  soda ;  power- 
ful acids,  like  sulphuric  acid,  combine  with  the  oxide 
of  copper,  and  the  acetic  acid  set  free  is  recognized 
by  its  smell ;  is  used  for  preparing  electro-baths  of 
copper  and  brass ;  manufactured  with  copper  corroded 
by  fermenting  grape-mash,  and  by  other  processes. 

Acetate  of  Copper^  hasic  (poisonous). 

(Verdigris.) 

Powder  of  a  fine  turquoise  bluish-green.  Impe^ 
fectly  soluble  in  water,  and  difficult  to  combine  with 
the  sulphites  and  cyanides,  unless  it  has  been  pre- 
viously treated  by  ammonia.  It  is  often  used  for 
adulterating  the  salt  above  named. 

Acetate  of  Lead  (poisonous). 

(Sugar  of  lead.) 

This  is  ordinarily  in  the  shape  of  masses  formed  of 
mingled  needle-like  crystals ;  white ;  light,  althongb 
having  lead  for  its  base ;  very  soluble ;  savor,  sugar 
like  at  first,  and  metallic  afterwards ;  gives  by  calci- 
nation, fumes  of  vinegar  and  acetone,  and  the  residue 
is  oxide  of  lead  with  a  certain  proportion  of  metallic 
lead.  Does  not  precipitate  by  carbonic  acid  and 
water,  unless  there  is  mixed  with  it  some  basic  ace- 
tate. Obtained  by  dissolving  litharge  or  massicot 
(protoxide  of  lead)  in  an  excess  of  vinegar  or  acetic 
acid.  Its  solution  forms,  with  caustic  potassa  or 
soda,  a  white  precipitate  which  is  soluble  in  an 
excess  of  alkali,  and  then  constitutes  the  bath  for 
ooloi^  rings. 
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^A-acetate  of  Lead  (poisonous). 

(Extract  of  Satarn.) 
In  solid  masses,  or  syrupy.  Saror,  sweet  but  more 
metallic  than  the  preceding.  Heavy;  white  precipi- 
tate by  carbonic  acid ;  obtained  by  boiling  a  solution 
of  acetate  with  an  excess  of  litharge.  Used  for  the 
same  gatvanoplastic  processes.  Benders  turbid  dis- 
tilled water  holding  carbonic  acid. 

Acetic  Add. 

(Vinegar.    FyroligneoDa  acid.) 

It  is  more  or  less  concentrated  and  pure,  according 
to  the  mode  of  manufacture.  The  most  concentrated 
crystallizes  at — 1°  O.,  and  often  remains  so  up  to  10° 
and  12*  C.  above  0. 

"Wood  vinegar  or  pyroligneous  acid  is  employed  in 

large  quantities,  and  is   colorless  or  ■  more  or  less 

-  yellow.     It  often  possesses  an  empyreumatic  smell, 

and  generally  marfcs  8*  of  the  hydrometer  for  acids. 

Wine  vinegar  is  more  or  less  colored,  and  may  be 
concentrated.    Its  smell  is  easily  distinguished. 

Fig.  109. 


Glacial  or  crystaltizable  acetic  acid  is  obtained  by 
the  distillation  of  perfectly  dry  acetate  of  soda,  or 
acetate  of  lead,  with  concentrated  sulphuric  acid. 


388  GALVANOPLASTIC  MANIPULATIONS. 

The  vapors  are  condensed  in  a  glass  receiver  (Fig. 
109)  which  should  be  surrounded  by  ice,  sometimeB 
mixed  with  common  salt. 

Arsenious  Add  (poisonous). 

(White  arseDic.    Arsenic.     Rat  bane.) 

Generally  in  the  shape  of  a  white  powder,  and 
sometimes  in  vitreous-like  lumps,  which  resemble 
porcelain.  Slightly  soluble  in  water;  savor,  scarcely 
sensible  at  first,  but  hot  and  sharp  afterwards,  with 
constriction  of  the  throat.  "When  thrown  upon  in- 
candescent charcoal,  emits  abundant  fumes  which 
are  fallow-browil  at  the  base,  and  white  at  the  sunmiit, 
and  with  a  characteristic  smell  of  garlic.  Introduced 
into  Marsh's  apparatus,  it  furnishes  arsenical  ringB 
and  spots;  is  employed  in  certain  silver  whitening 
baths,  and  also  in  the  electro-baths  for  brass. 

NUrous  and  JByponitric  Acids  (poisonous). 

(Nitrous  gas.    Nitrons  vapors.) 

We  may  describe  these  two  acids  together.  They 
are  gases  of  an  orange-yellow  color,  more  or  less  deep, 
and  are  always  produced  by  the  action  of  nitric  acid 
upon  a. metal. 

The  smell  is  flat  and  nauseous  at  first,  but  soon 
«u£focating  and  heavy  upon  the  extremities  of  the 
bronchia.  It  is  dangerous  to  inhale  too  much  of 
these  gases. 

They  (xilor  aqua  fortis  yellow,  and  also  impart  a 
greenish  tinge  to  metallic  solutions,  those  of  silver 
for  instance,  which  may  appear  as  holding  copper. 
This  coloration  disappears  by  heating,  which  it  will 
jftot  do  if  copper  be  present.  They  are  abundantly 
produced  during  the  cleansing  of  copper  and  its 
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alloys  in  aqua  fortis.  A  lower  temperature  or  i 
tain  pressure  transforms  these  gases  into  two  difi 
liquids:  nitrous  acid  is  blue;  and hyponitric acid 
a  fallow-yellow  color. 

Nitric  Acid  (poisonous). 
(Aqnft  fortis.    Spirit  of  nitre.) 

It  is  found  in  the  trade  of  Tarious  colors 
strengths,  but  rarely  chemically  pure. 

Liquid,  light  and  nauseous  smell ;  yerj  acid  s 
The  skin  and  the  majority  of  organic  matters  be 
yellow  by  its  contact;  in  this  case,  the  use  of 
lies  causes  the  yellow  to  turn  mahogany  color  in 
of  disappearing,  as  with  many  other  acids ;  diss 
many  metals,  always  with  a  production  of  oi 
vapors ;  contains  one  equivalent  of  water  in  the  n 
hydrated  state,  and  then  is  employed  for  the  n 
facture  of  gun  cotton,  or  xyloidin. 

It  is  bought  at  40°  Baume,  colorless  or  dark  ye' 
and  at  36°  Baumd,  colorless  or  more  or  less 
yellow.  This  coloration  is  g^erally  due  to  the 
sence  of  nitrous  and  hypomtric  gases,  and  is 
fectly  satisfactory  for  cleansing  copper ;  but  it 
results  from  the  presence  of  hydrochloric  acid, 
forming  aqua  regia,  or,  what  is  worse,  of  iodine, 
mine,  or  chlorine,  and  then  the  cleansing  proc 
with  it  are  unsuccessful. 

Pure  nitric  acid  is  absolutely  necessary  foi 
preparation  of  nitrate  of  silver.  The  presen 
chlorine,  hydrochloric  acid,  or  sulphuric  acid 
transform  a  part  of  the  metal  into  insolubl 
scarcely  soluble,  compounds. 

A  pure  nitric  acid  is  obtained:  1st  BydistI 
in  a  large  glass  retort  (see  preceding  figure] 
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commercial  article,  and  collecting  the  product  only 
when  it  no  longer  produces  a  precipitate  or  turhidity 
in  a  solution  of  nitrate  of  silver.  The  distillate  is 
then  collected  into  a  glass  receiver  and  cooled  with 
fresh  water  or  ice.  The  operation  is  terminated 
when  about  five-sixths  have  been  distilled,  otherwise 
the  sulphuric  acid  will  also  pass  over. 

2d.  By  precipitating  with  nitrate  of  silver  and 
nitrate  of  baryta,  the  hydrochloric  and  sulphuric 
acids  of  commercial  aqua  fortis,  and  then  distilling 
the  whole  nearly  to  dryness.  The  residuum  in  the 
retort  is  composed  of  sulphate  of  baryta,  chloride  of 
isilver,  and  the  excess  of  the  nitrates  of  these  two 
bases. 

3d.  By  distilling  in  a  glass  retort  a  mixture  of  100 
parts  of  pure  nitrate  of  potassa  (saltpetre),  with  60 
parts  of  pure  concentrated  sulphuric  acid  (oil  of 
vitriol),  and  40  parts  of  distilled  water.  The  heat  is 
gradually  raised,  and  stopped  when,  after  having  dis- 
appeared, the  yellow  vapors  reappear.  The  acid  thus 
obtained  is  slightly  ye^ow,  and  is  bleacJied,  by  heat- 
ing it  near  the  boiling  point.  It  is  useless  to  remind 
the  reader  of  the  continual  use  of  nitric  acid  in  our  art 

Boradc  Add  (boric  acid). 

(Sedative  salt  of  Homberg.) 

United  with  soda,  it  constitutes  borax.  It  is  found 
in  the  condensed  steam  of  certain  small,  muddy  vol** 
canoes  of  Tuscany,  and  is  extracted  in  the  manufac- 
tories of  M.  de  Larderelle. 

It  is  very  likely  that  the  boracic  acid  of  these  lor 
gcni  is  due  to  the  subterranean  decomposition  of  the 
sulphide  of  boron  by  steam.     The  small  craters  of 


HTDKOOYANIC  ACID.  391 

that  country  produce  at  the  same  time  sulphuretted 
hydrogen. 

Boracic  acid  is  found  in  the  arts  in  the  shape  of 
scales,  mother  of  pearl  like,  and  greasy  to  the  touch. 
"When  it  is  in  vitreous  masses  more  or  less  translucent, 
it  is  anhydrous,  and  has  been  subjected  to  igneous  fu- 
sion. Dissolved  in  alcohol,  and  the  fluid  being  ignited 
afterwards,  the  flame  is  colored  a  fine  green.  It  is  also 
obtained  in  the  form  of  scales  by  decomposing,  with 
a  powerful  acid,  a  concentrated  and  boiling  solution 
of  borax;  the  boracic  acid  crystallizes  by  cooling. 
It  is  used  for  making  the  platinum  adhere,  by  the  heat 
of  a  muffle,  to  ceramic  wares ;  thus  causing  the  me- 
tallization of  surfaces  which  were  not  naturally  con- 
ducting. It  is  also  employed  for  increasing  the 
whiteness  of  silver  alloys,  and  for  the  decomposition 
of  the  subsalts  deposited  in  electro-baths  containing 
cyanide  of  potassium. 

Hydrocyanic  Add  (extremely  poisonous). 

(Cyanhydric  or  prussic  acid.) 

It  exists  in  nature  only  in  a  state  of  combination 
with  certain  vegetables  and  fruits,  and  especially 
in  their  stones ;  for  instance,  the  peach,  the  berries 
of  the  cherry  laurel,  bitter  almonds,  the  stones. of  the 
apricot,  of  plums,  cherries,  etc.,  but  still  this  opinion 
is  contested. 

It  may  be  obtained  anhydrous ;  but  in  this  state,  it 
is  useless,  and  very  difficult  to  preserve  from  decom- 
position. 

Diluted  hydrocyanic  acid  is  colorless  (although  it 
is  sometimes  colored  blue  by  a  small  proportion  of 
Prussian  blue,  which  does  not  change  its  properties), 
with  a  bitter  taste,  and  the  characteristic  smell  of 


^ 
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bitter  almonde  or  peacb-tree  flowers,  altbougb  lees 
aromatic,  more  pungent  and  deleterioas. 

Wben  it  18  somewhat  concentrated,  it  is  decom- 
posed by  light,  becomes  brown,  and  is  deposited  in 
the  form  of  flakes.  During  this  decomposition,  it  is 
transformed  into  cjanate  and  carbonate  of  ammonia, 
and  lastly  into  the  brown  substance  called  curuZmtc 
add. 

It  is  prepared  by  introducing  into  a  large  retwt 
fixed  to  a  receiver,  which  is  cooled  by  ice  (Fig.  110), 

Fig.  no. 


1  kilogramme  of  the  double  cyanide  Of  iron  uid  potas- 
sium (yellow  prussiate  of  potassa),  1  litre  of  water, 
and  1.5  kilogramme  of  concentrated  sulphuric  acid. 
The  acid  and  water  should  be  mixed  beforehand  and 
allowed  to  cool.  The  distillation  is  efiected  in  a  sand- 
bath,  and  the  condensed  liquid  is  clear  and  colorless. 
The  operation  is  stopped  when  the  substances  in  the 
retort  begin  to  swell  up,  otherwise  a  certain  propor- 
tion of  blue  cyanide  of  iron  and  sulphate  of  potassa 
will  pass  into  the  receiver.  "We  must  avoid  inhaling 
the  vapor  produced  during  this  preparation. 

Hydrocyanic  acid  may  also  be  obtained  by  passing 
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a  stream  of  washed  sulphuretted  hydrogen  through  a 
tall  glass  vessel  (Fig.  Ill)  holding  water  and  cya- 
nide of  mercury.  The  latter  compound  is  transformed 
into  the  insoluble  sulphide  of  mercury,  whereas  the 

Fig.  111. 


hydrocyanic  acid  remains  in  solution.  After  filtering, 
the  liquor  is  gently  heated  in  order  to  expel  the  re- 
maining sulphuretted  hydrogen,  which  is  more  volatile 
than  hydrocyanic  acid.  This  method  is  not  so  simple 
as  the  preceding  one,  and  for  gilding  is  open  to  the 
inconvenience  of  often  having  the  acid  contaminated 
with  undecomposed  cyanide  of  mercury  or  sulphu- 
retted hydrogen. 

Hydrocyanic  acid  is  sold  in  the  trade  under  the  de- 
nominations of  acid  one-faurGi^  one-eighth,  or  one^six'- 
teenfhj  according  to  the  ratio  of  the  water  with  the 
real  acid.  "We  generally  use  that  of  the  first  two 
degrees  of  dilution.  It  is  employed  for  maintaining 
the  metal  strength  of  gold  dipping  baths  with  pyro- 
phosphates, and  for  decomposing  the  alkaline  carbo- 
nates formed  in  baths  with  cyanide  of  potassium. 
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Hydrochloric  Add  (poisonous). 

(Chlorhydric  or  muriatic  acid.    Spirit  of  salt.) 

During  the  preparation  of  this  acid,  it  is  gaseous, 
and  emits  abundant  and  thick  fumes  in  contact 
with  the.  air.  Water,  at  the  temperature  of  20°  C, 
dissolves  460  times  its  own  yolume  of  this  acid,  that 
is,  one  litre  of  water  will  dissolve  460  litres  of  this 
gas,  and  the  primitive  volume  of  the  water  is  increased 
about  one-third. 

It  is  this  solution  which  is  always  employed  in  the 
arts,  and  which  is  generally  contaminated  with  sul- 
phurous and  sulphuric  acids,  and  by  perchloride  of 
iron,  imparting  a  yellow  color  to  it. 

A  concentrated  solution  of  hydrochloric  acid  in 
contact  with  damp  air  emits  thick  fumes,  which  are 
the  more  apparent  as  there  are  other  ammoniaeal 
vapors  floiating  in  the  room.  Its  smell  and  flavor  are 
very  sharp.  It  dissolves  zinc  with  the  production  of 
hydrogen;  and  with  a  silver  solution,  it  produces 
an  abundant,  white,  heavy,  and  flocculent  precipitate 
of  chloride  of  silver,  which  becomes  blue,  and  then 
black,  by  the  action  of  solar  light.  This  precipitate 
is  insoluble  in  strong  acids,  either  cold  or  boiling,  but 
is  soluble  without  coloration  in  cyanides,  sulphites, 
hyposulphites,  alkaline  or  earthy  chlorides,  and  espe- 
cially  in  ammonia. 

Pure  hydrochloric  acid  (in  concentrated  solution) 
is  colorless,  fundng,  and  presents  the  same  reactions. 
A  trace  of  organic  substance  is  sufficient  to  impart 
to  it  a  greenish-yellow  tinge,  as  if  it  were  colored  by 
an  iron  salt. 

In  our  art,  it  is  employed  for  preparing  the  chlorides 
of  certain  metals,  for  instance  that  of  zinc ;  it  enters 
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into  the  composition  of  aqua  regia;  and  the  common 
Bait,  added  to  certain  cleansing  acids,  is  intended  to 
form  a  small  quantity  of  hydrochloric  acid. 

It  is  prepared  by  introducing  into  a  glass  balloon 
(Fig.  112)  common  salt  and  an  excess  of  commercial 
sulphuric  acid.     A  gentle  heat  is  gradually  applied, 
Fig.  112. 


and  the  gas  is  collected  and  dissolved  in  a  series  of 
tubulated  bottles.  These  receivers  should  be  con- 
stantly cooled  by  a  streapi  of  water  or  by  ice,  because 
the  elevation  of  temperature  caused  by  the  combina- 
tion of  the  water  and  acid,  would  prevent  the  liquid 
from  becoming  thoroughly  saturated.  This  disposi- 
tion of  tubulated  bottles  is  called  a  Wooirs  apparatus. 
The  first  bottle  contains  but  little  water,  and  is  in- 
tended to  arrest  the  impurities  mechanically  carried 
by  the  gas.  The  glass  balloon,  after  the  operation, 
contains  acid  sulphate  of  soda. 

Aqua  Regia  (poisonous). 
(Nitro-mariatio  or  chloro-nitrio  acid.) 
"When  nitric  and  hydrochloric  acids  are  mixed, 
there  is  formed,  beside  water,  acombination  of  chlorine 
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and  hyponitric  acid,  which  remains  in  the  liquor  and 
colors  it  red,  in  the  cold.  On  the  contrary,  the  heated 
liquid  disengages  fumes  of  a  fallow  color.  This  mix- 
ture is  called  aqua  regia,  because  it  dissolves  gold, 
which  was  formerly  named  the  king  of  metals. 

Chlorine  alone  will  also  dissolve  gold,  and  as  the 
resulting  salt  is  the  same  as  that  obtained  by  aqua 
regia,  we  should  infer  that  the  dissolving  action  of 
aqua  regia  is  due  to  the  chlorine  it  contains  in  the 
nascent  state.  Moreover,  aqua  regia  dissolves  all  the 
metals,  and  produces  salts  which  are  chlorides,  and 
not  nitrites  or  hyponitrates. 

The  composition  of  aqua  requa  is  variable,  accord- 
ing to  the  substances  which  we  desire  to  dissolve. 
For  gold,  we  mix  1  part  of  nitric  acid  at  40°  Baume, 
with  2  parts  of  hydrochloric  acid  at  22P  Baum6 ;  for 
platinum,  3  of  nitric  acid  to  5  of  hydrochloric  acid. 

Aqua  regia  is  employed  in  the  preparation  of  the 
chlorides  of  copper,  platinum,  gold,  etc. 

Hydrofluoric  Acid  (very  poisonous). 

(Fluoric  acid.) 

This  acid  is  gaseous  when  freed  from  its  combina- 
tions, but  condenses  by  cooling  into  a  colorless  liquid 

possessincc  a  sharp  smell  and 

-..^ ^  a  savor  analogous  to  that  of 

hydrochloric  acid.  It  corrodes 
glass  and  silicates,  and  com- 
bines with  their  silica  to  form 
a  new  acid  called  hydrofluo- 
silicic  or  fluosilicic  acid. 
Hydrofluoric  acid  is  pre- 
pared by  decomposing  in  a  lead  retort  (Fig.  113)  a 
paste  of  fluoride  of  calcium  (fluor  spar)  and  sulphu- 
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ric  acid.  The  yarious  joints  of  the  retort  are  carefully 
luted  with  clay  or  plaster  of  Paris,  and  the  receiver 
is  a  bent  tube  of  lead  plunged  into  a  mixture  of  3 
parts  of  broken  ice,  and  2  of  common  salt,  or  more 
simply,  into  ice  alone.  The  end  of  the  receiver  is  per- 
forated with  a  small  hole,  in  order  to  aid  the  conden- 
sation by  a  small  pressure.  A  gentle  heat  is  applied 
at  the  bottom  of  the  retort. 

This  acid  is  kept  in  lead  bottles  which  are  but 
slightly  acted  upon,  or  in  platinum  vessels  upon  which 
it  has  no  action  whatever.  For  several  years  past, 
gutta-percha  bottles  have  been  substituted  for  the 
metallic  ones,  and  appear  to  stand  the  acid  well  when 

it  is  not  too  concentrated. 

« 

We  must  avoid  any  contact  with  the  vapors  of 
hydrojfliuoric  acid,  otherwise,  after  a  few;  hours,  even 
the  less  sen8i}ble  parts  of  the  skin  will  be  covered 
with  painful  blisters. 

This  acid  is  employed  for  unpolishing  glass,  and 
other  vitreous  substances,  and  thus  to  prepare  a 
ground  more  easily  metallized.  The  parts  which 
should  not  be  corroded,  are  protected  by  a  coat  of 
virgin  wax. 

When  we  operate  upon  a  level  surface,  a  pane  of 
glass  for  instance,  the  most  easy  process  consists  in 
covering  it  entirely  with  wax,  and  drawing  the  pattern 
with  a  pointed  tool,  which  should  penetrate  to  the 
glass.  The  object  is  then  placed  upon  a  shallow 
dish  of  lead  holding  the  mixture  for  the  production 
of  the  acid.  At  the  ordinary  temperature,  or  more 
rapidly  with  the  aid  of  a  feeble  heat,  the  vapors  of  the 
acid  attack  the  glass  where  it  has  been  uncovered. 
On  the  other  hand,  if  large  surfaces  are  to  be  un- 
polished, the  acid  vapors  are  produced  in  a  leaden 
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box  of  suitable  size,  and  perfectly  luted.  The  objects 
may  also  be  plunged  into  a  trough  of  lead  or  gutta 
percha  filled  with  a  more  or  less  diluted  solution  of 
hydrofluoric  acid.  This  last  process  is  employed  for 
the  production  of  patterns^  hollow  or  in  relid^  upon 
doubled  glass,  that  is,  composed  of  several  coats  of 
differently  colored  glass.  Glass  x)earls  or  beads, 
treated  in  the  same  manner,  acquire  a  beautiful  dead 
lustre. 

Stearic  Add. 

(Stearine.) 

We  may  consider  all  fatty  substances  of  animal 
origin,  and  tallow  particularly,  as  coniposed  of  a  base, 
called  glycerin^  which  is  united  with  oleic^  margaric^ 
and  steai^  acids.  The  last  one  is  the  most  important 
for  us,  since  we  take  moulds  with  it,  ^nd  render  im- 
pervious certain  substances  which  otherwise  would  be 
penetrated  and  injured  by  the  sulphate  of  copper  of 
the  galvanoplastic  baths. 

This  acid  is  white,  nearly  without  savor  or  smell, 
and  more  or  less  greasy  to  the  touch  according  as  it 
is  more  or  less  deprived  of  margaric  and  oleic  acids. 
Its  fracture  is  rarely  crystalline,  but  often  granular. 
It  melts  at  a  temperature  from  60^  to  65^  C.  into  a 
clear  liquid,  which  again  solidifies  by  cooling.  It  is 
this  property  which  renders  stearic  acid  valuable  for 
taking  casts.  If  it  be  too  greasy,  it  sticks  to  the 
pattern,  and  especially  to  plaster  of  Paris  coated  with 
plumbago ;  in  this  case,  it  should  be  mixed  with  a 
certain  proportion  of  wax  or  spermaceti.  "When  too 
dry,  on  the  other  hand,  it  contracts  considerably  by 
cooling,  often  breaks,  and  the  galvanoplastic  deposits 
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have  a  cryBtalllne  surface.  This  defect  is  corrected 
by  tallow  or  olive  oil. 

Between  280°  and  300**  C.  stearic  acid  is  partly 
charred,  becomes  brown,  and  loses  certain  volatile 
products ;  it  is  then  too  dry,  and  much  less  valuable 
for  our  purposes. 

The  manufacturers  of  stearic  acid  candles  extract 
this  acid  from  tallow  especially.  It  can  be  bought  in 
plates  two  or  three  centimetres  thick  or  more. 

Hydrosulphuric  Add  (poisonous). 

(Salphuretted  hydrogen.    Sulphydric  acid.) 

This  acid  is  generally  in  the  gaseous  form,  but  may 
be  dissolved  in  water,  which  absorbs  two  or  three 
times  its  own  volume  of  it  at  the  ordinary  tempera- 
ture, and  which  then  acquires  the  same,  properties  as 
the  gas  itself. 

Hydrosulphuric  acid  is  colorless ;  its  smell  is  fetid, 
and  resembles  that  of  rotten  eggs.  It  is  slightly 
acid,  and  reddens  blue  litmus  paper,  but  the  primitive 
color  reappears  by  heating.  It  precipitates  in  the 
form  of  white,  black,  yellow,  etc.,  sulphides;  nearly 
all  the  metallic  solutions  and  some  of  these  sulphides 
appear  as  conducting  electricity.  Such  is  the  reason 
why  we  employ  it  sometimes  for  transforming  into  sul- 
phides the  chloride  of  gold  and  the  nitrate  of  silver, 
with  which  are  impregnated  certain  substances  which 
we  desire  to  render  conducting.  It  is  nevertheless 
possible  that  this  conductibility  is  due  to  the  reduc- 
tion of  these  salts  by  the  hydrogen,  which  nearly 
always  accompanies  hydrosulphuric  acid. 

This  gas  is  so  poisonous,  that  a  man  could  not 
live  in  an  atmosphere  holding  one  hundredth  part  (in 
volume)  of  it.    It  is  this  acid,  more  or  less  combined 
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with  ammonia,  which  escapes  from  privies,  and  has 
often  occasioned  the  asphyxia  of  those  engaged  in 
cleaning  cesspools. 

Hydrosulphuric  acid  is  obtained  by  the  reaction  of 
hydrochloric  acid,  or  diluted  sulphuric  acid,  upon 
many  sulphides,  such  as  those  of  antimony,  iron, 
barium,  strontium,  etc.  The  gas  is  collected  under 
receivers  filled  with  mercury,  or  is  dissolved  in  a 
Woolf's  apparatus,  such  as  that  described  in  the 
manufacture  of  hydrochloric  acid.  The  distilled 
water  employed  should  be  deprived  of  air  by  ebulli- 
tion, otherwise  the  solution  will  be  milky  from  the 
partial  decomposition  of  the  acid,  the  hydrogen  of 
which  unites  with  the  oxygen,  whereas  the  sulphur 
is  separated. 

We  should  be  careful  not  to  put  in  contact  with  this 
gas,  not  only  metallic  salts,  and  gilt  or  silvered  arti- 
cles, but  also  pure  gold  and  silver  which  are  rapidly 
blackened  by  it.  Hydrosulphuric  acid  is  sometimes 
employed  for  the  production  of  oxydS. 

Sulphurous  Add. 

(Sulphur  gas.) 

It  is  gaseous,  colorless,  and  possesses  a  taste  fiat 
and  sharp  at  the  same  time.  Its  smell  is  penetrating 
and  sufibcating,  and  is  that  produced  by  burning  sul- 
phur in  the  open  air.  One  volume  of  water,  at  the 
ordinary  temperature,  dissolves  about  thirty-three 
volumes  of  that  gas,  and  acquires  its  characteristic 
properties. 

Sulphurous  acid  decolorizes  and  bleaches  a  great 
many  organic  substances.  It  reduces  many  metallic 
salts  by  absorbing  their  oxygen ;  it  may  therefore  be 
employed,  possibly  more  advantageously  than  sul- 
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phnretted  hydrogen,  for  the  metallization  hy  means 
of  nitrate  of  silver  or  chloride  of  gold.  It  is  em- 
ployed in  the  preparation  of  the  sulphites,  and  bisul- 
phites, which  we  shall  study  further  on. 

It  is  obtained  by  burning  sulphur  in  the  air,  from 
which  it  takes  the  two  equivalents  of  oxygen  neces- 
sary for  its  composition ;  or  by  decomposing  in  a 
closed  vessel  (Fig.  114)  concentrated  sulphuric  acid 
by  a  substance  possessing  a  great  affinity  for  oxygen. 

Fig.  114. 


Sulphur,  charcoal,  dry  sawdust,  copper,  mercury,  etc., 
may  be  used  for  the  purpose,  although  copper  is 
generally  preferred.  This  metal  finely  divided  (chips, 
filings,  or  turnings)  is  rapidly  corroded,  produces  a 
pure  gas,  and  leaves  a  residuum  of  sulphate  of  copper 
useful  for  galvanoplastic  operators.  Gaseous  sulphu- 
rous acid  is  collected  in  bells  or  jars  filled  with  mer- 
cury, and  its  aqueous  solution  is  effected  in  Woolf  s 
apparatus. 

Sulphuric  Acid  (poisonous). 
(Oil  of  vitriol.) 
This  acid,  the  most  powerful  and  useful  in  the  arte, 
may  exist  in  the  solid  state  or  anhydrous.    It  is  al- 
ways used  in  a  more  or  less  hydrated  form.    Its  name 
26 
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of  oil  of  vitriol  comes  from  its  oily  consistency,  and 
from  the  green  vitriol  (sulphate  of  iron)  from  which  it 
was  formerly  distilled  in  closed  vessel  s.  It  is  now  pro- 
duced in  large  quantities,  by  oxidizing  in  large  lead 
chambers  wet  sulphurous  acid  by  nitric  acid. 

Commercial  sulphuric  acid  generally  marks  66°  of 
the  hydrometer  of  Baum6,  and  is  colorless,  dense, 
flowing  like  oil,  without  smell,  but  with  an  intolera- 
ble acid  taste.  On  the  other  hand,  if  it  be  very  di- 
luted (one  gramme  in  two  litres  of  water),  it  furnishes 
a  cooling  and  refreshing  lemonade.  It  decomposes 
nearly  all  salts,  and  extracts  water  from  most  sub- 
stances which  contain  water  or  its  elements.  It  cor- 
rodes and  blackens  organic  substances,  and  becomes 
itself  more  or  less  dark  in  color.  The  particles  of 
dust  flying  in  the  air  and  falling  into  it  are  sufficient 
to  produce  this  phenomenon. 

Poured  into  a  concentrated  solution  of  hydrochloric 
acid,  sulphuric  acid  absorbs  the  water  with  produc- 
tion of  heat,  and  the  former  gas  escapes.  It  dis- 
places all  the  other  acids  from  their  combinations,  in 
the  wet  way,  and  forms  very  stable  compounds  with 
metallic  oxides. 

"We  employ  it  in  our  art  for  nearly  everything, 
either  for  cleansing  and  for  dipping  acids,  for  the 
preparation  of  many  products,  for  our  batteries, 
<etc.  etc. 

Tannic  Acid. 

(Tannin.) 

This  substance,  which  should  not  be  confounded 
with  gallic  acid,  although  it  produces  it  by  fermen- 
tation and  other  chemical  reactions,  appears  to  be 
jtlveady  formed  in  gall-nuts,  which  are  supposed  to  be 
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the  resnlt  of  the  bite  of  a  certain  kind  of  insect  upon 
oak  leaves.  Tannic  acid  exists  also  in  many  vegeta- 
bles, and  especially  in  the  bark  of  certain  trees,  such 
as  oak,  chestnut,  elm,  etc. 

This  acid  is  generally  prepared  by  digesting  pow- 
dered gall-nuts,  at  a  temperature  of  about  30^  C,  in 
commercial  ether,  and  in  closed  vessels.  After  about 
eight  days,  the  settled  liquid,  which  is  quite  syrupy, 
is  decanted  and  spread  upon  many  dishes  which  are 
put  into  a  stove.  The  ether  is  evaporated,  and  the 
nearly  pure  tannic  acid  remains  in  the  form  of  un- 
crystallized  scales,  which  are  light,  thin,  yellowish, 
and  with  the  lustre  of  mother  of  pearl.  It  is  purified 
by  solution  in  boiling  water,  which,  by  cooling,  al- 
lows it  to  deposit  in  the  shape  of  needle-like  crystals. 

'Tannic  acid  possesses  the  singular  property  of 
coagulating,  and  rendering  insoluble,  certain  gums, 
gluten,  and  gelatin  especially,  the  latter  being  trans- 
formed into  leather  which  will  not  putrefy. 

It  will  be  remembered  that  in  the  article  on  mould- 
ing  with  gelatin^  we  have  indicated  the  employment 
of  a  small  proportion  of  this  acid  for  preventing  the 
dissolving  action  of  the  baths.  Gallic  acid  cannot 
take  the  place  of  tannic  acid  for  this  purpose. 

Alhys. 

We  thus  call  the  combination  or  mixture  effected 
by  the  fusion  of  two  or  more  different  metals.  The 
hydroplastic  operator  will  rarely  work  upon  pure 
metals;  therefore  it  is  well  that  he  be  acquainted 
with  the  composition  of  the  most  usual  alloys,  and 
that  he  learn  the  preparation  of  several  of  them, 
which,  like  the  fusible  alloys  of  Darcet,  will  often  be 
serviceable. 


i 
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Fusible  Alloys  of  Darcet. 

Bismath 8  parts 

Lead 4    " 

Tin 4    ** 

16 

ANOTHER. 

Bismuth 8  parts 

Lead 5    " 

Tin 3    " 

16 

ANOTHER. 

Bismuth 5  parts 

Tin 3    " 

Lead 3    « 

All  the  metals  are  melted  together  in  a  cnieible^ 
stirred  with  an  iron  rod,  and  cast.  Various  pro- 
portions of  mercury  are  added  to  these  alloys,  when 
great  fusibility  is  desired. 

Copper  Alloys. 

BRASS  FOR  ARTICLES  WORKED  WITH  THE  HAMMER. 

Copper 70  parts 

Zinc 80    « 

100 

BRASS  FOR  TURNING. 

Copper .'66  parts 

Zinc 32    " 

Lead 2    " 

100 

SIMILOR. 

Copper 100  parts 

Zinc 12    " 

112 


OOPPBB  ALLOTS. 

ANOTHIB. 

Copper    

Zine         ...... 

STATUAKT  BBAflS. 

Copper 

Zinc 

Lead 

TiB 

PINOBBEOE. 

Copper    .        .        .        t        .        . 
Zinc 

BBOMZK  rOR  BXLL8. 

Copper    

Tia 

BBOirZB  FOB  0THBAL8. 

Copper 

Tin 

BBONZB  FOB  QOHaS. 

Copper    

Tin 

TBLB800FI0  HIBBOBS. 

Copper 

Tin     , 

Arsenic   .        .        .        . 

BBLLS  FOB  0LOOK8. 

Copper 

Tin 


■ 

r 
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MAILLEOHOET,  OB  MILOHIOB  (OSBMAN  BILYEE). 

Copper 50    parts 

Zinc 3.5    « 

Nickel 4       " 

57.5 

ANOTHKB. 

Copper 53      parts 

Zinc 31.25    " 

Nickel 15.75    « 

100.00 

ANOTOVB. 

Copper 8  parts 

Nickel 8      « 

Zinc     • 3.5    " 

14.5 

ANOTHBB. 

Copper 4  parts 

Nickel 1     " 

Zinc 1    " 

ANOTHSB. 

Copper 55  parts 

Zinc 17    " 

Nickel 23    « 

Iron 3    " 

Tin 2    *' 

100 

BLABTIO  ABOBNTAN. 

Copper  .        •        •        .  '     •       .       •  57.4  parts 

Zjnc 25       " 

Nickel 13      « 

Iron 9       « 

104.4 
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POTIN. 

Copper 11.9  parts 

Zinc 24.9    ^^ 

Lead  .......  0.2    ^^ 

Tin 1.2    " 

88.2 

TELLOW  TOMBAO. 

Copper .16  parts 

Zinc .1    " 

Tin 1    " 

18 

»       RID  TOMBA.a 

Copper 11  parts 

Zinc 1     " 

12 

CHBTSOOALB. 

Copper 80    parts 

Zinc 10.5     " 

Tin 8        <* 

98.5 

BROirzx  roB  labox  obdn anob. 
Copper    .        •        .     ^  •       «                .90  parts 
Tin 10    " 

100 

BBONZB  FOB  SMALL  OBDN ANOB. 

Copper 93  parts 

Tin T    " 

100 

BBOB ZE  FOB  MXDALS. 

Copper 100  parts 

Tin 8    " 

108 

It  is  evident  that  it  is  possible  to  vary  ad  infinitum 
the  mixtures  and  the  proportions  of  the  component 


408  GALVANOPLASTIO  MAlTIPUIiATIONS. 

metals,  and  thus  to  arrive  at  an  nnlimited  number  of 
alloys,  which,  on  account  of  slight  differences  of  color, 
ductility,  sonorousness,  etc.,  will  receive  different 
names,  such  as  Wolfram^  Fi^eruh  gold^  Kalcoghyt, 
AurHde^  etc.  etc.* 

Amalgams. 

Such  is  the  name  given  to  the  alloys  of  one*  or 
several  metals  with  mercury,  but  the  latter  must  ab- 
solutely be  one  of  the  component  parts. 

Only  two  amalgams  are  of  importance  in  our  art : 
that  of  Darcet,  already  described  ;  and  that  of  go^ 
which  is  the  basis  of  gilding  by  fire  and  mercury. 

Whatever  be  the  proportions  of  gold  and  mercury 
put  together,  an  amalgam  is  always  formed;  bat 
there  are  certain  proportions  which  are  more  or  less 
favorable  for  obtaining  a  certain  result.  Thus,  the 
gold  amalgam  for  gilding  Jnf  stirring  should  be  more 
fluid,  and  therefore  contain  more  mercury,  than  that 
prepared  for  gilding  by  fire  for  a  dead  lustre,  or  for 
or  moulu.  The  latter  should  be  of  the  consistency 
of  hard  cold  butter,  a  little  rough  to  the  touch,  and 
with  a  crystalline  texture  which  causes  the  produc- 
tion of  a  noise  when  the  amalgam  is  pressed  between 
the  fingers.  That  for  gilding  by  stirring  should  be 
of  the  consistency  of  honey  and  quite  soft,  since  it  is 
more  easily  spread  over  the  surface  of  a  multitude  of 
small  articles. 

An  amalgam  is  generally  prepared  by  heating  dis- 
tilled mercury  to  a  temperature  of  about  200^  C, 

*  For  a  full  description  of  alloys  and  amalgams  see  ^^A  Prac- 
tical Ouide  for  the  Manufacture  of  Metallic  Alloya^*^  from  the 
French  of  A.  Oaettier,  by  A.  A.  Fesquet.  Philadelphia:  H.  C. 
Baird,  18T2. 
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and  adding  to  it  foils  or  ribbons  of  gold,  which  be- 
come readily  incorporated.  The  whole  is  then  thrown 
into  cold  water.  If  the  proportion  of  mercury  has 
been  too  great,  the  amalgam  may  be  heated  over  the 
fire,  until  part  of  the  mercury  is  volatilized,  and  the 
proper  consistency  is  reached.  On  the  pther  hand, 
should  the  amalgam  be  too  hard,  an  addition  of  mer- 
cury will  soon  become  mixed  with  the  mass. 

When  an  amalgam  is  heated  at  a  dull  red  heat,  all 
of  the  mercury  is  volatilized,  and  the  gold  remains  in 
the  form  of  a  spongy  and  crumbling  mass.  Gold,  in 
presence  of  mercury  salts,  does  not  form  amalgams 
like  copper ;  it  is  absolutely  necessary  that  the  two 
metals  should  be  in  the  metallic  state  to  arrive  at  ap. 
amalgam. 

"We  meet  often,  in  the  trade,  mercury  adulterated 
by  the  addition  of  biBmuth,  lead,  or  tin;  and  it  is  evi- 
dent that  these  various  metals,  which  do  not  volatil- 
ize, remain  with  the  gold  and  produce  a  bad  e£fect. 

Ammonia. 

(Nitride  of  hydrogen.    HartshorD.  Volatile  alkali,  etc.) 

This  compound,  which  generally  bears  the  name  of 
anmioniacal  gas  when  in  the  gaseous  form,  and  of 
ammonia  when  in  solution,  presents  properties  similar 
to  those  of  potassa,  soda,  and  other  alkalies  which 
are  metallic  oxides.  Therefore  it  is  considered  as 
the  oxide  of  a  metal,  ammoniumy  which  is  composed 
of  nitrogen  and  hydrogen.  This  hypothesis,  whether 
correct  or  not,  has  the  advantage  of  getting  rid  of  a 
chemical  anomaly,  and  of  placing  ammonia  under  the 
same  rules  which  govern  the  oxides  of  other  well- 
known  metals. 

At  all  events,  ammonia  is  generally  in  the  gaseous 
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state^  but  dissolves  in  water  eagerly,  since  one  volume 
of  this  cold  liquid  may  absorb  about  500  volumes  of 
the  gas.  Kotwi thstandi  ng  this  remarkable  sol  ubility, 
ammoniacal  gas  does  not  produce  any  visible  fumes 
even  in  contact  with  very  moist  air,  as  is  the  case 
with  hydrochloric  acid  and  other  substances;  and 
this  fact  adds  weight  to  the  ammonium  theory. 
Indeed,  acids  possessing  a  great  affinity  for  water 
begin  by  appropriating  the  dampness  of  the  atmos- 
phere, which  is  condensed  in  a  vesicular  form,  without 
dissociation  of  its  elements;  on  the  other  hand, 
ammoniacal  gas,  holding  three  equivalents  of  hydro- 
gen, decomposes  the  water  to  form  the  ammonium 
with  four  equivalents  of  hydrogen,  which  is  at  the 
same  time  oxidized,  and  becomes  oxide  of  ammonium. 
Although  we  have  resolved  to  leave  aside  all  purely 
scientific  demonstration,  we  cannot  refrain  from 
representing  the  reaction  by  formulsB : — 

Chemists  represent  water  by    .    H+O 
And  ammoniacal  gas  by      .    •    NW 
And  their  combination  becomes  KH^O 

Therefore  the  ammoniacal  gas  'SW  has  separated 
the  elements  of  the  water  HO,  to  produce  the  metal 
ammonium  ISTH^,  which  being  oxidized  by  oxygen  0, 
becomes  If H*0.  The  complete  formula  is  Ifff+HO 
=NH^O. 

Therefore,  if  we  consider  ammoniacal  gas  dissolved 
in  water  (aqua  ammonia)  as  an  oxide  of  ammonium, 
we  may  assimilate  it  to  the  other  alkalies,  and,  indeed, 
it  acts  in  an  identical  manner  in  chemical  reactions. 

Aqua  ammonia  is  a  colorless  liquid,  with  a  more  or 
less  penetrating  smell,  which  is  so  characteristic  that 
it  is  never  forgotten  after  having  been  once  tried. 
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If  we  inhale  without  precaution  from  a  bottle  filled 
with  this  liqnid,  the  brain  is  affected  as  b;  a  blow  on 
the  head,  and  it  would  be  dangerous  to  repeat  the 
experinient  several  times  consecutively. 

Ammonia  restores  the  blue  color  of  litmus  reddened 
by  an  acid,  and  saturates  the  most  powerful  acids; 
and,  on  this  account,  is  often  employed  for  removing 
acid  stains  upon  clothes.  We  should  except,  how- 
ever, the  stains  produced  by  nitric  acid,  which 
become  more  visible,  instead  of  disappearing.  All 
ammoniacal  salts,  except  the  carbonates,  are  colorless 
and  odorless. 

Ammonia  is  obtained,  even  in  the  cold,  by  treating 
any  kind  of  ammoniacal  salt  by  a  fixed  alkali. 
Sulphate  or  hydrochlorate  of  ammonia  is  generally 
employed,  and  is  heated  in  a  stoneware  retort  with 
slaked  lime.  The  gas  produced  is  received  either 
under  glass  bells  or  tubes  filled  with  mercury,  if  we 
desire  to  keep  it  in  the  gaseous  state;  or  is  dissolved 
in  the  water  contained  in  the  bottles  of  a  Wooirs 
apparatus  (Fig.  115),  if  we  desire  its  solution. 
After  the  operation,  there  remains  in  the  retort 
sulphate  of  lime  or  chloride  of  calcium. 

Fig.  115. 


A  great  proportion  of  the  commercial  aqua  ammonia 
is,  at  the  present  time,  extracted  from  urine  and 
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ammoniacal  liquors  from  gas-works,  and  is  of  an 
amber  color,  or  white,  or  half  white.  It  marks  18°, 
20°,  22°,  and  25°  of  the  hydrometer. 

Ammonia  is  employed  for  aiding  the  solution  of 
the  copper  salts  entering  into  the  composition  of  the 
baths  for  electro-deposits  of  copper  or  brass,  for 
ageing  freshly  made  silver-baths,  for  precipitating 
gold  ammonium  from  the  chloride  of  gold,  and  for 
dissolving  the  film  of  copper  deposited  at  the  begin- 
ning of  galvanoplastic  operations  with  silver,  etc. 

Silver. 

We  use  silver  in  different  forms,  in  plates,  foil, 
powder,  or  granulated,  according  to  the  purpose  for 
which  it  is  intended. 

We  should,  as  far  as  practicable,  employ  it  pure ; 
but  the  silver  found  in  the  trade,  even  under  the 
name  of  virgin  silver^  retains  traces  of  copper.  The 
silver  coin  (French  standard)  contains  one-tenth  of 
copper,  and  stamped  silverware,  a  greater  or  less 
proportion  according  to  the  standard. 

Silver  is  purified  by  several  methods : — 

1.  The  impure  metal  is  dissolved  by  nitric  acid, 
and  the  solution  being  largely  diluted  with  water, 
we  add  to  it  an  excess  of  a  filtered  solution  of 
common  salt.  An  abundant  white  precipitate  of 
chloride  of  silver  is  produced,  which  rapidly  settles 
to  the  bottom  of  the  vessel.  We  ascertain  that  all 
the  silver  salt  is  decomposed,  when  the  clear  liquid 
is  not  rendered  turbid  by  a  further  addition  of 
common  salt.  The  chloride  of  silver  is  collected,  and 
washed  several  times,  until  the  liquors  are  no  longer 
colored  brown  by  yellow  prussiate  of  potassa.  This 
is  the  proof  that  all  the  copper  has  been  washed  out 
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The  washed  chloride  of  silver  is  mixed  with  two  or 
three  times  its  own  weight  of  carbonate  of  soda, 
dried,  and  melted  in  a  crucible.  After  cooling,  the 
metal  is  found  in  the  shape  of  a  button  (rather 
conical)  at  the  bottom  of  the  crucible.  If  we  desire 
to  granulate  it,  the  molten  silver  is  poured  from  a 
certain  height  (aliout  1  metre)  into  a  large  volume  of 
water. 

2.  The  alloy  of  copper  and  silver  is  dissolved  in 
nitric  acid,  and  the  solution  evaporated  until  the  salts 
fuse.  After  cooling,  the  fused  mass  is  gradually 
thrown  into  a  red-hot  crucible,  when  the  nitric  acid 
escapes,  leaving  behind  the  silver  in  the  metallic 
state,  and  the  copper  as  oxide.  The  separation  of 
the  two  takes  place  naturally,  and  is  aided  by  the 
addition  of  dry  borax,  which  dissolves  the  oxide  of 
copper. 

3.  The  chloride  of  silver  is  prepared  as  in  the  first 
method;  then,  after  having  washed  out  the  copper 
salt,  zinc,  sulphuric  or  hydrochloric  acid  and  water 
are  added.  Hydrogen  gas  is  immediately  produced 
in  abundance,  and,  combining  with  the  chlorine  of 
the  chloride  of  silver,  reduces  the  metal  to  the  form 
of  a  fine  powder,  which  is  separated  when  all  the  zinc 
is  dissolved.  As  it  very  rarely  happens  that  commer- 
cial zinc  is  free  from  lead  or  carbon,  this  method  is 
seldom  employed.  The  substitution  of  iron  for  zinc 
is  not  more  advantageous. 

Silver  is  easily  dissolved  in  pure  nitric  acid,  but 
not  so  rapidly  in  one  contaminated  by  chlorine  or 
hydrochloric  acid,  which  produces  a  coat  of  chloride 
of  silver  around  the  metal,  and  therefore  forms  an 
obstacle  to  its  solution. 

Sulphuric  acid  also  combines  with  silver,  and  the 
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resulting  salt  is  but  slightly  soluble.  As  for  hydro- 
chloric acid,  the  trace  of  silver  which  may  be  corroded 
is  immediately  transformed  into  chloride. 

Cyanide  of  potassium  dissolves  metallic  silver 
slowly  and  gradually,  and  forms  a  double  salt  with 
it.  On  the  other  hand,  the  sulphites  dissolve  only 
the  silver  salts,  and  have  a  tendency  to  reduce  them 
to  the  metallic  state. 

*  Pure  silver  is  employed  for  the  preparation  of  the 
nitrate  and  other  silver  salts,  and  for  soluble  anode  in 
silver-baths.  In  the  form  of  impalpable  powder  and 
mixed  with  cream  tartar,  it  is  used  for  silvering  with 
a  brush,  and  for  the  paste  with  which  watch  parts  are 
grained  before  being  gilt,  according  to  the  method  of 
Geneva  and  Besan9on.  In  this  case,  the  silver  pow- 
der is  prepared  by  ^decomposing  a  very  diluted  solu- 
tion of  the  nitrate  of  this  metal  by  the  addition 
of  bands  of  pure  copper.  This  powder  should  be 
washed  several  times  with  ammonia,  which  will  re- 
move all  the  copper  which  may  be  present 

Nitrate  of  Silver  (poisonous). 

(Lanar  caastic    Lapis  infernaUs.) 

This  salt  is  found  in  the  trade  under  three  forms : 
either  as  crystallized  nitrate  of  silver  in  thin  rhombic 
and  transparent  plates ;  or  in  amorphous,  opaque,  and 
white  plates  of  fused  nitrate ;  or  in  small  cylinders, 
which  are  white,  or  gray,  or  black,  according  to  the 
nature  of  the  mould  employed,  and  constitute  the 
lunar  caustic  for  surgical  uses. 

The  crystallized  nitrate  of  silver  still  retains  a  small 
proportion  of  nitric  acid  and  water ;  the  white  fused 
one  is  pure  when  it  has  not  been  fraudulently  adulte- 
rated by  nitrate  of  potassa  or  soda.     The  third  kind, 
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or  lunar  caustic,  generally  has  its  surface  coated  with 
a  film  of  reduced  silver  and  of  oxide  of  copper  from 
the  moulds ;  its  color  may  also  be  due  to  the  inferior 
quality  of  the  silver  employed. 

Nitrate  of  silver  is  very  soluble  in  distilled  water,* 
and  with  ordinary  water  gives  a  precipitate  which  is 
the  more  abundant  as  there  is  more  chlorine  salt  in 
the  liquid.  This  precipitate  is  white  at  first,  and 
then  becomes  blue  and  black  by  solar  light,  but  this 
transformation  does  not  take  place  when  it  contains 
even  traces  of  chloride  of  mercury. 

The  solution  of  nitrate  of  silver  forms  yellow  pre- 
cipitates by  the  iodides,  phosphates,  and  bromides ; 
and  white  ones  with  the  soluble  chlorides,  sulphites, 
cyanides,  hyposulphites,  and  pyrophosphates.  With 
the  exception  of  the  phosphates  and  pyrophosphates, 
the  other  reagents,  when  employed  in  greater  or  less 
excess,  will  redissolve  the  precipitate  and  form  double 
salts. 

It  is  precisely  this  property  of  cyanides,  sulphites, 
and  hyposulphites,  which  is  the  basis  of  the  prepara- 
tion of  silver-baths  by  dipping  or  with  the  battery. 
Ammonia  dissolves  even  the  most  insoluble  silver 
salts ;  but  as  this  solution  attacks  copper,  it  cannot 
be  used  for  baths,  notwithstanding  the  advice  of  M. 
Boetger. 

Nitrate  of  silver  is  prepared  by  dissolving  pure 
silver,  granulated  or  laminated,  in  double  its  own 
weight  of  pure  nitric  acid  at  40^  Baum^.,  and  the 
operation  is  eflected  in  a  glass  flask  or  in  a  porcelain 

*  However,  when  the  nitrate  of  silver  has  been  ke^t  too  long 
in  igneous  fusion,  it  is  less  fusible  in  distilled  water,  and  the 
white  turbidity  of  the  liquid  is  probably  due  to  the  formation  of 
a  Bubnitrate  of  silver. 
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capsule.  Abundant  nitrous  vapors  are  disengaged, 
and  the  metal  soon  disappears  to  form  a  colorless 
liquid  (blue  or  green  if  there  be  copper).  After 
cooling,  and  a  i*est  of  a  few  hours,  a  mass  of  crystals 
of  nitrate  of  silver  is  found,  which  is  drained,  and 
washed  with  a  little  distilled  water  already  saturated, 
with  nitrate  of  silver,  in  order  to  remove  the  excess 
of  acid.  The  crystals  are  dried  in  a  stove,  and  kept 
away  from  solar  light.  If,  instead  of  cooling  the 
liquid  after  the  silver  has  been  dissolved,  the  evapo- 
ration be  continued,  the  mass  will  become  spongy, 
and  then  fuse  by  a  greater  heat  into  a  grayish  liquid 
which  may  be  run  into  moulds.  The  fused  mass, 
obtained  by  the  fusion  of  the  separated  crystals  of 
nitrate  of  silver,  is  whiter. 

This  salt,  whatever  be  its  mode  of  preparation, 
should  be  kept  in  black  or  blue  bottles,  and  without 
the  presence  of  organic  substances  which  would  re- 
duce the  metal. 

It  is  employed  for  preparing  baths,  metallizing 
moulds,  and  many  other  purposes. 

Nitrate  ofBinoodde  of  Mercury  (poisonous). 

(Acid  nitrate  of  mercury.) 

This  salt  is  generally  sold  in  the  form  of  a  colorless 
and  oily  liquid,  which  is  the  denser  as  it  contains 
more  free  acid.  It  stains  the  skin  a  violet  red,,  and 
in  contact  with  water  produces  a  pulverulent  and 
yellowish-white  precipitate,  which  is  a  subnitrate, 
sometimes  called  nitrous  turhith.  This  precipitate 
disappears  by  the  addition  of  a  few  drops  of  sul- 
phuric or  nitric  acid,  aixd  the  liquor  becomes  clear. 
Should  the  solution  of  nitrate  of  binoxide  of  mercury 
be  concentrated,  sulphuric  acid,  instead  of  dissolving 
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the  precipitate,  would  increase  it,  because  an  insolu- 
ble subsulphate  of  mercury  would  be  formed. 

This  salt  is  used  in  our  art  for  slightly  amalgamat- 
ing the  pieces  which  are  to  be  silvered  or  gilt.  This 
amalgam  is  a  kind  of  solder  between  the  deposited 
tnetal  and  that  which  is  coated. 

Nitrate  of  binoxide  of  mercury  is  obtained  by  dis- 
solving at  the  temperature  of  about  100°  C.  a  certain 
quantity  of  mercury,  in  double  its  own  weight  of 
nitric  acid  at  40^  Baum6,  and  continuing  the  heat 
until  yellow  fumes  no  longer  appear. 

If,  instead  of  operating  with  the  aid  of  heat,  the 
reaction  were  effected  in  the  cold ;  or  if  the  propor- 
tion of  mercury  were  in  excess  of  the  necessary 
quantity  of  nitric  acid,  we  would  then  obtain  a  salt 
of  protoxide  which  is  not  so  suitable  for  our  purpose. 
Nitrate  of  binoxide  of  mercury  may  be  obtained  in 
the  crystallized  state,  but  it  possesses  then  little 
stability,  and  presents  no  further  advantage  for  our 
art. 

Nitrate  of  Potassa. 

(Saltpetre.    Nitre.) 

This  salt  is  sometimes  produced  by  the  decomposi- 
tion of  carbonate  of  potassa  by  nitrate  of  lime;  the 
latter  substance  being  spontaneously  formed  in  old, 
damp  walls  which  contain  lime,  and  which  are  exposed 
to  the  emanations  or  contact  of  decomposing  vege- 
table or  animal  matters. 

A  saltpetre  with  soda  for  base  (nitrate  of  soda)  is 
gathered  in  the  plains  of  Egypt,  India,  and  Chili, 
after  strong  rains  followed  by  great  dryness.  The 
crystals  creep  to  the  surface  by  capillarity. 

Kitrate  of  potassa  is  colorless,  odorless,  and  with 
27 
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a  fresh  and  salted  taste ;  it  is  very  soluble  in  water, 
and  a  concentrated  solution  deposits,  on  cooling,  fine 
prismatic  crystals,  which  are  more  or  less  translucent. 
Thrown  upon  burning  coals,  it  fuses,  and  increases 
the  combustion  by  parting  with  a  portion  of  its  oxy- 
gen, and  there  remains  a  solid  salt  upon  the  spot 
where  it  has  fallen.  Concentrated  sulphuric  acid, 
poured  upon  nitrate  of  potassa,  disengages  white 
fumes  of  nitric  acid ;  on  the  other  hand,  these  vapors 
are  yellow  when  a  metallic  powder,  such  as  copper, 
iron,  zinc,  etc.,  has  been  mixed  with  the  nitrate  of 
potassa. 

Distilled  in  closed  vessels  with  more  or  less  diluted 
sulphuric  acid,  nitrate  of  potassa  produces  nitric 
acid  or  aqua  fortis  of  various  degrees  of  concentra* 
tion. 

Before  using  the  crude  nitrates  of  soda  or  potassa 
for  the  manufacture  of  aqua  fortis,  it  is  advantageous 
to  purify  them  by  one  or  two  crystallizations,  in 
order  to  separate  in  the  mother  liquors  the  chlorides, 
iodides,  and  bromides. 

We  employ  salpetre  for  producing  a  dead  lustre 
upon  objects  gilt  by  fire,  and  for  desilverizing  baths. 

Bicarbonate  of  Potassa. 

This  salt  is  white  and  colorless,  and  crystallizes 
either  in  the  tabular  form,  like  nitrate  of  silver,  or  in 
cubes,  like  common  salt  or  iodide  of  potassium.  It 
is  soluble  in  tepid  water,  without  decomposition; 
but  at  the  boiling  point,  it  loses  one-fourth  of  its 
carbonic  acid  and  becomes  a  sesquicarbonate.  A  red 
heat  transforms  it  into  carbonate,  that  is  to  say,  it 
loses  another  fourth  of  carbonic  acid. 

Bicarbonate  of  potassa  blues  red  litmus  paper,  and 
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possesses  little  savor.  Its  cold  solution  is  not  pre- 
cipitated by  that  of  sulphate  of  magnesia,  but  an 
abundant  precipitate  is  formed  by  applying  heat^ 
because,  then,  part  of  the  carbonic  acid  is  disen- 
gaged, and  an  insoluble  sesquicarbonate  of  magnesia 
is  formed. 

This  salt,  which  is  employed  for  the  preparation  of 
certain  gilding  baths  by  dipping,  and  for  that  of  the 
ordinary  cyanide  of  potassium,  is  obtained  by  con- 
ducting a  stream  of  carbonic  acid  through  a  con- 
centrated solution  of  carbonate  of  potassa,  until  the 
liquor  is  no  longer  rendered  turbid  by  the  addition 
of  sulphate  of  magnesia  or  nitrate  of  lime.  It 
crystallizes  soon  after,  because  it  is  much  less  soluble 
than  the  protocarbonate. 

Bicarbonate  of  Soda. 

(Vichy  salt.    Raising  powder.) 

It  is  in  the  form  of  spongy  and  amorphous  masses. 
Its  properties,  uses,  and  preparation  correspond  with 
those  of  the  bicarbonate  of  potassa. 

Binoxalate  of  Potassa  (poisonous). 

(Sorrel  salt.) 

It  is  a  crystalline  and  white  salt,  which  is  already 
formed  in  the  juice  of  certain  plants,  and  especially 
in  sorrel  (Bumex  acetosella),  from  which  it  is  extracted 
by  the  simple  concentration  of  the  liquors. 

This  salt  is  acid,  and  decrepitates  in  the  fire,  since 
its  acid  is  decomposed  and  part  of  it  becomes  gaseous* 
It  enters  into  the  composition  for  silver  paste  for  cold 
rubbing. 
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JBttartrate  of  Potassa. 

(Cream  tartar.    Argols.) 

This  salt  is  nearly  pure  in  wine,  from  which  it 
becomes  separated  in  the  shape  of  small  white  or  red 
crystals,  according  to  the  color  of  the  liquid.  It  is 
gathered  on  the  sides  of  wine  casks,  and  purified  by 
bone  black.*  Before  this  purification,  it  was  crude 
tartar  or  argols. 

Bitartrate  of  potassa  is  acid,  slightly  soluble  in 
water,  and  it  decrepitates  in  the  fire,  where  it  becomes 
charred  and  produces  a  smell  like  that  of  burnt  sugar. 
It  is  employed  for  the  preparation  of  the  whitening 
silver  baths,  for  those  of  tin,  and  for  the  silvering 
paste  by  i-ubbing. 

Bihorate  of  Soda. 

(Borax.    Borate  of  soda.    Tincal.) 

This  well-known  compound  is  generally  in  the 
shape  of  colorless,  or  more  or  less  yellowish,  crystals 
of  different  systems,  according  to  the  proportions  of 
water  or  alkali  they  hold.  The  octahedral  crystals  are 
preferred. 

Borax  is  soluble  in  water,  has  an  alkaline  reaction, 
and  a  bitter  and  salted  taste.  "When  heated,  it  melts 
in  its  water  of  crystallization,  and  then  swells  up 
considerably.  A  further  increase  of  heat  causes  its 
fusion,  and  it  becomes  transformed  into  a  kind  of 
transparent  and  colorless  glass,  which  may  be  spun. 

Yitreous  (fused)  borax  is  a  powerful  solvent  of 
most  metallic  oxides,  which  impart  to  it  various 

*  The  price  of  cream  tartar  varies  with  that  of  wine.  This 
substance  is  often  adalterated  with  alum,  saltpetre,  etc  It  is 
therefore  preferable  to  bay  it  in  the  crystallized  form,  and  to 
pulverize  it  in  the  shop. 
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colors.  This  property  of  dissolving  metallic  oxides 
renders  borax  very  useful  for  soldering,  brazing,  or 
welding  different  metals. 

A  powerful  acid,  poured  into  a  hot  and  concen- 
trated solution  of  borax,  separates  the  boracic  acid 
in  the  form  of  scales.  Borax  ground  with  a  little 
sulphuric,  acid  and  alcohol  imparts  to  the  flame  of 
the  latter  a  characteristic  green  color. 

The  bi borate  of  soda  is  prepared  by  saturating 
with  an  excess  of  boracic  acid,  a  hot  and  concen- 
trated solution  of  carbonate  of  soda.  Sometimes 
the  tincal  of  India,  which  is  composed  mostly  of 
borax,  is  simply  purified  by  several  crystallizations. 

Borax  is  employed  for  restoring  the  shade  of  de- 
fective gildings,  and  for  destroying  the  subcyanide 
of  silver  deposited  in  electro-silvering  baths,  and 
which  wiU  make  electro-silver  deposits  turn  yellow. 

India-ItubbeT. 

(Caoutchouc.    Gum-elastio.) 

This  substance  is  white  when  pure ;  but  its  color 
is  generally  brown  or  red,  caused  by  the  smoke  of 
the  fires  employed  for  drying  it. 

India-rubber  is  extracted  from  the  sap  flowing 
from  incisions  made  on  the  trunks  of  the  Ficua  eldsttca 
or  Cahuca^  a  tree  which  grows  in  Java.  The  milky 
sap,  by  settling,  becomes  divided  into  two  layers,  the 
lower  one  of  which  is  liquid,  and  the  other  thicker 
and  cream-like,  and  formed  of  a  multitude  of  small 
globules.  These  globules  are  removed,  washed  with 
salt  water,  and  spread  in  thin  layers  upon  tables  or 
over  clay  balls  shaped  like  pears.  The  drying  is  made 
at  the  ordinary  temperature,  or  with  the  aid  of  heat ; 
and,  in  the  latter  case,  the  smoke  colors  the  substance. 
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India-rubber  is  essentially  elastic,  and  this  pro- 
perty renders  it*  very  valuable  for  many  purposes, 
for  instance  the  moulding  of  highly  wrought  pat- 
terns. The  elasticity  increases  with  the  tempera- 
ture; but  at  120°  to  125®  C.  this  gum  melts,  and 
furnishes  a  viscous  liquid  which  seldom  returns  to 
its  primitive  consistency.  If  the  temperature  be 
raised  still  higher,  the  mass  remains  always  liquid 
and  sticky.  Lastly,  at  a  still  greater  heat.  India- 
rubber  will  burn  with  a  fuliginous  flame. 

The  combination  of  sulphur  with  India-rmbber 
furnishes  a  peculiar  product,  the  elasticity  of  which 
is  far  from  being  diminished,  and  which  possesses 
distinct  properties.  This  product  is  vulcanized 
India-rubber,  and,  when  treated  in  a  certain  manner 
by  alkalies,  it  produces  a  substance  resembling  hard 
soap,  which  possesses  nearly  all  the  properties  of 
horn,  and  with  which  many  articles  of  "  hard  India- 
rubber"  are  manufactured. 

Water,  alcohol,  and  acids  do  not  dissolve  India- 
rubber;  on  the  other  hand,  ethers,  bisulphide  of 
carbon,  essential  oils,  and  benzole  dissolve  and  aban- 
don it  after  their  volatilization.  These  solutions 
give  us  the  means  of  obtaining  very  delicate  moulds; 
but,  in  this  case,  we  should  only  apply  very  thin  and 
successive  coats  of  the  solution,  otherwise  the  exte- 
rior surface  being  the  first  to  solidify,  will  prevent 
the  drying  of  the  intermediary  coats. 

Chloride  of  Silver. 

(Horn  silver.    Muriate  of  silver.) 

This  substance,  when  obtained  by  precipitation,  is 
of  a  pure  white,  which  soon  becomes  blue  and  then 
black  by  exposure  to  the  light;  therefore  it  should 
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be  kept  in  blue  or  black  bottles.  It  melts  at  a  high 
temperature^  and  acquires  the  appearance  of  horn, 
from  which  it  derives  its  name  of  horn  silver. 

"When  chlorine  water,  hydrochloric  acid,  or  a  solu- 
ble chloride  is  introduced  into  a  solution  of  a  silver 
salt,  there  is  immediately  produced  an  abundant  pre- 
cipitate of  chloride  of  silver,  which  is  insoluble  in 
water  and  in  concentrated  acids,  but  soluble  in  am- 
monia, cyanides,  and  the  hyposulphites  and  sulphites 
of  alkaline  or  earthy  bases.  This  precipitate  is  but 
slightly  soluble  in  the  bromides,  iodides,  chlorides, 
and  fluorides  of  the  alkaline  or  earthy  metals. 

Chloride  of  silver  is  employed  in  the  preparation 
of  the  baths  for  electro-silvering,  and  for  whitening, 
and  for  the  pastes  for  silvering  in  the  cold  by  rubbing. 

Protochloride'of  Tin  (poisonous). 

(Mariate  of  tin.    Chloride  of  tin.    Tin  salt) 

This  salt  is  manufactured  in  large  quantities,  and 
is  in  the  shape  of  small  needle-like  crystals.  It  is 
greasy  to  the  touch,  melts  easily,  communicates  to 
the  fingers  a  characteristic  smell  resembling  that  of 
fish  or  of  rubbed  tin,  and  its  taste  is  salty  at  first, 
and  then  astringent  and  caustic. 

Protochloride  of  tin  is  soluble  in  water,  but  .is 
partly  precipitated  in  the  state  of  a  white  subsalt, 
which  is  easily  dissolved  in  a  slight  excess  of  acid. 

Alums,  pyrophosphates,  tartrates  and  bitartrates 
precipitate  at  first  the  aqueous  solution  of  this  salt, 
but  an  excess  of  the  reagent  redissolves  the  precipi- 
tate. This  reaction  is  the  basis  of  the  preparation 
of  the  tinning  baths,  which  we  have  described  in  the 
first  part  of  this  work. 

The  protochloride  of  tin  is  prepared  by  dissolving 
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granulated  zinc  (in  excess)  in  hot  hydrochloric  acid, 
evaporating  the  solution,  and  letting  it  crystallize. 

If  the  crystals  are  heated,  they  first  melt  in  their 
water  of  crystallization,  which  soon  evaporates,  car- 
rying off  a  small  proportion  of  hydrochloric  acid. 
The  operation  is  completed  when  thick,  white  fumes 
begin  to  be  evolved,  which  are  proof  that  the  salt 
itself  volatilizes.  The  melted  chloride  of  tin  thus  ob- 
tained is  preferable  for  tinning  with  alkaline  liquors. 

Chloride  of  Gold. 

(Sesquichloride  of  gold.    Muriate  of  gold.) 

This  salt  is  in  masses  of  needle-like  crystals,  which 
are  yellow,  red,  or  brown-red,  according  as  it  has 
been  more  or  less  deprived  of  acid.  That  generally 
sold  by  manufacturers  of  chemical  products  is  a 
light  yellow;  and,  besides  the  fact  that  it  contains 
less  gold  than  it  ought  to,  it  still  retains  an  excess  of 
acid,  which  is  injurious  to  the  baths. 

Chloride  of  gold  is  decomposed  by  light  into  the 
metal  and  chlorine ;  thence  the  necessity  of  keeping 
it  in  black  bottles,  with  ground  glass  stoppers.  Cork, 
like  other  organic  substances,  decomposes  this  salt. 

Chloride  of  gold  absorbs  the  dampness  of  air,  and 
becomes  resolved  into  a  liquid  of  a  fine  yellow  color. 
It  produces  violet  stains  on  the  skin,  and  is  very  solu- 
ble in  water. 

Its  characteristics  are  to  give  a  precipitate  of 
purple  of  Cassius  by  protochloiide  of  tin,  and  to  be 
reduced  to  a  metallic  sponge  by  heat.  A  diluted 
solution  of  chloride  of  gold  is  decolorized  by  sul- 
phurous acid,  and,  after  a  certain  time,  or  more  rapidly 
by  heat,  the  metal  is  precipitated  as  a  powder,  which 
is  green  by  transparency,  and  red  by  reflected  light. 
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If  we  pour,  drop  by  drop,  a  solution  of  this  salt  into 
a  diluted  solution  of  sulphite  or  hyposulphite  of  soda, 
there  is  produced  a  colorless  double  salt  employed  for 
fixing  Daguerrean  images.  On  the  contrary,  should 
we  pour  the  solution  of  the  sulphite  or  hyposulphite 
into  that  of  gold,  this  metal  is  immediately  and  com- 
pletely precipitated. 

The  soluble  cyanides  or  prussiates  precipitate  the 
chloride  of  gold  at  first  in  the  state  of  cyanide,  and  in 
concentrated  solutions ;  but  an  excess  of  reagent  re- 
dissolves  the  precipitate,  and  forms  with  it  colorless 
double  salts,  which  form  the  basis  of  the  preparation 
of  electro-gilding  baths. 

Carbonates,  bicarbonates,  and  pyrophosphates  also 
produce  double  salts,  which  may  be  crystallized,  and 
which,  in  certain  cases,  form  the  gilding  baths  by 
dipping. 

Chloride  of  gold  may  be  prepared  by  different 
methods;  the  most  simple  of  which  consists  in  dis- 
solving the  finely  laminated,  or  otherwise  comminuted, 
metal  in  aqua  regia  formed  of  two  parts  of  pure  hydro- 
chloric acid  to  one  of  pure  nitric  acid.  The  operation 
is  effected  in  a  glass  fiask,  and  with  the  aid  of  a  gentle 
heat,  until  all  of  the  gold  is  dissolved  into  a  yellow 
liquid  which  retains  a  great  excess  of  acid.  The  heat 
is  then  slightly  increased,  and  continued  until  the 
liquid  is  a  hyacinth-red.  After  cooling,  we  obtain  a 
crystallized  mass  of  a  fine  yellow  color,  which  is  well 
adapted  to  the  preparation  of  the  gilding  baths  by 
dipping.  On  the  other  hand,  for  baths  working  with 
a  battery,  we  should  continue  the  action  of  the  fire 
until  the  liquid  in  the  flask  appears  a  dark  blackish- 
red,  without  ceasing  to  be  fluid.  By  cooling,  the 
crystals  are  brown-red.    I  advise  the  employment  of 
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a  glass  flask  preferably  to  a  porcelain  capsule  or  dish, 
because  the  evaporation  is  too  rapid  in  the  latter,  and 
part  of  the  chloride  of  gold  may  be  carried  mechan- 
ically out  of  the  vessel. 

The  flask  should  stand  upon  a  plate  of  sheet  iron 
perforated  in  the  centre  with  a  hole,  the  diameter  of 
which  is  not  larger  than  the  layer  of  liquid  after  evap- 
oration. "We  thus  avoid  the  reduction  by  an  excess 
of  heat  of  a  portion  of  the  chloride  of  gold.  Should 
the  heat  be  too  great,  or  too  protra6ted  over  the  time 
necessary  to  expel  the  excess  of  acid,  the  sesquichlo- 
ride  of  gold  would  be  transformed  first  into  the  insol- 
uble protochloride,  and  then  into  the  metallic  state, 
and  the  operation  would  have  to  be  begun  anew. 

Many  operators  buy  their  aqua  regia  already  made, 
which  is  wrong,  because  the  acids  react  one  upon  the 
other,  even  without  the  presence  of  the  metal ;  the  use- 
ful portion  becomes  lost,  and  what  remains  in  the  bot- 
tle is  nearly  useless.  It  is  therefoi*e  preferable  to  make 
the  mixture  just  before  using  it.  Some  persons  pre- 
pare the  chloride  of  gold  with  a  mixture  of  nitric  acid 
and  sal  ammoniac,  and  even  common  salt.  It  is  an 
old  and  defective  method,  which  is  retained  only  by 
gilders  on  porcelain  wares.  Lastly,  gold  may  be  dis- 
solved in  chlorine  gas,  or  chlorine  water;  but  this 
process  is  expensive. 

BickUmde  of  Platinum. 

(Chloride  of  platinum.    Muriate  of  platmum.) 

This  salt  is  amorphous,  reddish-yellow,  or  blackish- 
red,  according  to  the  degree  of  evaporation  of  the 
acids  in  excess.  It  has  a  great  analogy  with  the 
chloride  of  gold,  both  as  to  appearance  and  to  deli- 
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quescent  property  (when  acid);  but  it  is  not  so 
easily  decomposed  by  light  and  organic  substances. 

Its  diluted  solution  is  gold-yeUow,  and  dark  yellow 
when  concentrated;  but  never  wine-red,  unless  it 
contains  palladium,  iridium,  or  rhodium.  The  plati- 
num solution  is  colored  a  wine-red  by  that  of  iodide 
of  potassium,  and  traces  of  either  of  these  reagents 
will  be  detected  by  this  reaction.  The  intensity  of 
the  coloration  is  in  the  ratio  of  the  quantity  of  metal 
or  iodine.  Potassa  and  its  salts  in  concentrated  so- 
lution give  a  yellow  precipitate  with  chloride  of  pla- 
tinum ;  sometimes  it  is  necessary  to  stir  the  mixture 
with  a  glass  rod  before  the  precipitate  takes  place. 
Soda  does  not  produce  this  result,  unless  highly  con- 
centrated. Ammonical  salts  also  give  a  yellow  pre- 
cipitate, which,  by  calcination,  is  transformed  into 
spongy  platinum. 

The  chloride  of  platinum  resists  the  action  of  the 
fire  better  than  that  of  gold;  however,  it  becomes 
first  protochloride  of  platinum,  and  lastly  metal. 

When  a  brass  article  is  rubbed  with  chloride  of 
platinum,  it  acquires  the  color  and  lustre  of  steel,  and 
this  coat  is  often  quite  durable. 

Perfectly  neutral  chloride  of  platinum,  mixed  under 
a  muUer  with  certain  fatty  and  essential  oils,  furnishes 
a  paste  for  applying  thin  coats  of  metal  upon  stone- 
ware, pottery,  glass,  and  porcelain. 

Chloride  of  platinum  is  easily  soluble  in  caustic 
soda,  and  in  the  carbonate  and  phosphate  of  this  base, 
and  thus  furnishes  more  or  less  satisfactory  baths  for 
platinum  deposits. 

This  salt  is  prepared  like  the  chloride  of  gold ;  but^ 
the  aqua  regia  is  composed  of  five  parts  of  hydix)- 
chloric  acid  to  three  of  nitric  acid.    The  product  is 
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evaporated  nearly  to  dryness  in  a  porcelain  dish,  and 
then  removed  after  cooling.  If  it  be  desired  to  have 
it  more  acid,  and  therefore  more  easy  to  dissolve,  it  is 
poured  still  fluid,  but  emitting  little  fumes,  into  a 
porcelain  plate,  from  which  it  is  easily  separated  after 
cooling. 

Chloride  of  Zinc  (poisonous). 

(Hydrochlorate  or  muriate  of  zinc.    Butter  of  zinc.) 

This  substance  is  more  or  less  gray,  or  white,  ac- 
cording as  it  has  been  prepared  in  iron  or  porcelain 
vessels,  or  has  been  more  or  less  desiccated.  It  is 
caustic,  greasy,  and  hot  to  the  touch.  It  absorbs 
dampness  with  such  energy,  that  a  few  minutes  of 
'  exposure  to  the  air  are  sufl^cient  to  make  it  fall  into 
deliquium.  It  may  be  distilled  like  mercury  and  other 
volatile  substances,  and  possesses  then  the  appearance 
of  butter. 

Chloride  of  zinc  is  employed  for  aiding  soldering, 
brazing,  or  welding  operations,  and  in  this  case  it 
should  be  as  neutral  as  possible,  in  order  not  to  act  as 
an  acid  upon  the  metals.  It  enters  into  the  composi- 
tion of  the  brass  or  zinc  baths. 

It  is  prepared  by  dissolving  zinc  in  hydrochloric 
acid,  filtering  the  solution  left  for  a  few  days  in  con- 
tact with  an  excess  of  zinc,  and  evaporating  it  down  to 
igneous  fusion.  At  that  moment,  abundant  and  thick 
white  fumes  are  disengaged.  The  mass  is  then  cast 
into  plates  which  are  put  itito  well  closed  vessels  im- 
mediately after  cooling. 

Cyanide  of  Silver. 

(Prussiate  or  hydrocyanate  of  silver.) 

This  substance  is  white,  becomes  slowly  black 
when  exposed  to  the  light,  and  is  insoluble  in  water 
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and  in  cold  acids,  which,  however,  will  dissolve  it, 
the  temperature  being  raised  sufficiently.  It  is  dis- 
solved and  decomposed  by  the  sulphites,  hyposul- 
phites, and  chlorides;  the  cyanides  and  prussiates 
form  with  it  double  salts.  A  cyanide  of  silver  is  al- 
ways formed  when  any  kind  of  soluble  silver  salt  is 
treated  by  a  small  proportion  of  a  cyanide. 

If  introduced  dry  into  a  small  tube,  which  is  closed 
at  one  end,  and  the  other  extremity  of  which  is 
afterwards  melted  and  drawn,  leaving  but  a  fine 
aperture,  it  produces  at  a  red  heat  a  deposit  of  metal- 
lic silver  with  carbon,  and  cyanogen  gas  which  bums 
with  a  blue  and  purple  flame. 

Cyanide  of  silver  is  prepared  by  passing  cyanogen 
gas  through^  or  adding  hydrocyanic  acid  to,  a  cold 
solution  of  nitrate  of  silver.  The  precipitate  formed 
is  thoroughly  washed,  and  kept  wet  in  blue  or  black 
bottles. 

We  have  given,  in  the  article  on  CoU  dect/ro^Uding 
haUiSy  all  the  directions  necessary  for  preparing  this 
substance.  "We  should  not  forget  that,  whatever  be 
the  silver  salt  put  in  contact  with'  cyanide  of  potas- 
sium, it  is  first  transformed  into  cyanide  of  silver, 
which  is  redissolved  in  an  excess  of  cyanide  of  potas- 
sium to  form  the  double  cyanide  of  potassium  and 
silver. 

Cyanide  of  Copper. 

(Hydrocyanate  of  copper.    Prossiate  of  copper.) 

A  few  operators  on  brass  electro-deposits,  and 
many  gilders,  still  use  cyanide  of  copper. 

This  salt  is  found  in  the  trade  with  two  difierent 
colors;  either  as  a  powder  of  a  maroon  or  Yan 
Dyck  brown  color,  and  it  has  then  been  obtained  by 
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the  precipitation  of  a  soluble  copper  salt  by  yellow 
pmssiate  of  potassa,  or  as  a  dirty  white  powder  with 
a  greenish-yellow  tinge,  and  has  resulted  from  the 
precipitation  of  a  soluble  copper  salt  by  cyanide  of 
potassium. 

Whatever  be  its  mode  of  production,  it  is  easily 
soluble  in  all  the  alkaline  cyanides,  and  even  in  the 
yellow  prussiate  of  potassa  if  it  has  been  recently 
prepared,  but  with  difficulty  in  the  contrary  case. 

By  its  solution  in  an  excess  of  cyanide  it  forms 
the  double  cyanide  of  potassium  and  copper,  for 
electro-coppering. 

Cyanide  of  Ammonium  (poisonous). 

(Hjdrocyanate  of  ammonia.    Prussiate  of  ammonia.) 

We  may  obtain  with  this  salt  the  same  baths  as 
with  the  cyanide  of  potassium.  It  is,  however,  little 
used,  because  it  is  easily  decomposed,  and  has  the 
smell  of  dead  bodies.  It  is  obtained  by  exactly 
saturating  ammonia  with  hydrocyanic  acid. 

Cyanide  of  Calcium  (poisonous). 

(Hjdrocyanate  or  prassiate  of  lime.) 

This  salt  is  employed  for  decomposing  the  carbo- 
nates formed  in  the  baths  of  cyanide  of  potassium. 
It  is  readily  understood  that,  by  double  decomposi- 
tion, an  insoluble  carbonate  of  lime  is  formed,  while 
a  proportional  quantity  of  cyanide  of  potassium  is  re- 
constituted. This  salt  should  be  preferred  to  hydro- 
cyanic acid  in  the  majority  of  cases. 

A  solution  of  cyanide  of  calcium  is  obtained  by 
adding  hydrocyanic  (prussic)  acid  to  a  paste  of 
caustic  lime  in  excess.  By  filtration,  the  excess  of 
lime  remains  behind,  and  the  cyanide  of  calcium  is 
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in  the  liquor.  This  salt  cannot  be  obtained  in  the 
solid  state,  is  decomposed  by  heat,  and  it  is  better  to 
use  it  when  recently  prepared. 

Cyanide  of  Gold. 

(PruBsiate  or  hydrocjanate  of  gold.) 

It  is  of  a  fallow  yellow  color,  and  behaves  with 
reagents  very  much  like  the  cyanide  of  silver.  Cy- 
anide of  gold  is  prepared  by  pouring  a  concentrated 
solution  of  cyanide  of  potassium  into  a  concentrated 
one  of  chloride  of  gold.  An  excess  of  alkaline 
cyanide  will  dissolve  the  precipitate  and  form  an 
electro-gilding  bath  holding  a  double  cyanide  of 
gold  and  potassium.  This  salt  may  be  employed  for 
the  preparation  of  gold  baths ;  but  it  is  more  expen- 
sive, and  does  not  seem  to  us  to  give  better  results 
than  any  other  gold  salt,  and  particularly  the  gold 
ammonium,  the  preparation  of  which  has  been  fully 
explained  in  the  chapter  on  JSlectro-gilding  in  the  cold. 

Cyanide  of  Potassium  (extremely  poisonous). 

(Hydrocjanate  or  cyanhydrate  of  potassa.    White  pruBsiate 

of  potassa.) 

"No  other  product  is  more  important  to  the  electro- 
plater  than  the  cyanide  of  potassium,  which  is  the 
basis  of  most  of  the  baths  employed,  and  the  purity 
of  which  is  so  necessary  for  the  success  of  the  ope- 
ration. 

At  the  same  time,  nothing  resembles  more  in  as- 
pect a  good  cyanide  than  a  bad  one.  This  fact  has 
aided  many  manufacturers  in  producing,  at  cheap 
rates,  products  which  have  nothing  in  common  with 
real  cyanide  but  the  name. 

In  order  that  every  one  may  be  advised  against 
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the  consequences  of  such  products,  we  shall  describe 
the  various  processes  for  obtaining  a  good  cyanide, 
suitable  for  the  baths  and  formuIsB  described  in  this 
book.  We  shall  also  indicate  the  principal  charac- 
teristics of  a  good  cyanide. 

Cyanide  of  Potassium^  Pure. 

(For  medicinal  uses.) 

Formerly,  and  only  for  medical  uses,  the  pure  cy- 
anide of  potassium  was  prepared  as  follows : — 

A  certain  quantity  of  pure  and  dried  yellow  .prusr 
eiate  of  potassa  was  heated  to  a  white  heat  in  a  stone- 
ware retort,  the  aperture  of  which  was  closed  by  a 
tube  plunged  in  mercury  or  water.  When  gases  no 
longer  escaped  from  the  tube,  or  rather  when  the 
mercury  and  water  had  a  tendency  to  be  absorbed, 
the  tube  was  removed  and  the  aperture  of  the  retort 
carefully  closed  to  prevent  air  or  moisture  from  pene- 
trating it.  The  retort  was  allowed  to  cool  in  the 
furnace,  and  was  afterwards  broken,  in  order  to  ex- 
tract the  contents,  forming  generally  two  layers,  the 
lower  one  containing  iron,  and  the  other  formed  of 
pure  cyanide,  which  was  separated.  Sometimes  the 
mass  was  spongy,  and  the  mechanical  separation  of 
the  iron  from  the  cyanide  was  impossible.  It  was 
then  treated  by  absolute  alcohol,  which  dissolved  the 
cyanide  only,  and,  after  filtration,  the  solution  was 
rapidly  evaporated.  In  either  case,  the  resulting 
cyanide  was  immediately  put  into  blue  or  black  bot- 
tles, well  closed. 

Cyanide  of  Potassium^  Pure  (100  per  cent.). 

(For  the  arts.) 

At  the  present  time  we  manufacture  for  the  arts 
large  quantities  of  cyanide  of  potassium,  which  is  at 
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least  as  pure  as  the  preceding  one,  and  at  a  cost 
which  is  not  the  tenth  part  of  that  of  the  medical 
cyanide.  The  various  stages  of  the  operation  are  as 
follows: — 

1.  The  recrystallization  of  the  commercial  yellow 
prussiate  of  potassa  until  it  is  entirely  free  from  sul- 
phates. 

2.  The  thorough  drying  of  the  pure  crystals  at  a 
temperature  of  from  100°  to  120°  C. 

3.  The  melting  at  a  white  heat  of  the  dried  prussiate 
in  thick  iron  crucibles,  with  their  covers  on. 

4*  Keeping  the  contents  for  some  time  in  a  state 
^  of  quiet  fusion,  in  order  to  permit  of  the  settling  of 
the  iron  at  the  bottom  of  the  crucible. 

6.  And  when  the  surface  of  the  molten  cyanide 
appears  transparent,  the  withdrawing  of  the  crucible 
with  iron  tongs,  and  the  pOuring,  without  shaking, 
of  its  contents  upon  a  polished  iron  pan,  the  bottom 
of  which  is  immersed  in  water.  The  iron  generally 
remains  in  a  spongy  mass  at  the  bottom  of  the  cruci- 
ble ;  but,  as  a  further  precaution,  the  molten  cyanide 
is  sometimes  passed  through  a  fine  metallic  sieve, 
which  has  been  previously  raised  to  a  red  heat.  An 
iron  ladle,  perforated  with  numerous  holes,  may  also 
be  filled  with  the  iron  of  the  previous  operations,  and 
the  whole  being  raised  to  a  red  heat,  the  molten  cy- 
anide is  filtered  through  it. 

The  polished  iron  pan,  without  water  under  it,  will 
be  rapidly  burned  out,  and  it  will  be  difficult  to  re- 
move the  cooled  cyanide. 

During  the  fusion  of  the  cyanide,  it  is  proper,  now 
and  then,  to  rapidly  plunge  into  it  a  dry  glass  rod;  if 
the  cyanide  gathered  upon  it  is  perfectly  white  and 
28 
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dean,  the  moment  has  arrived  to  pour  the  contents 
out. 

In  manufactories,  where  quantities  of  50  kilo- 
grammes at  a  time  are  poured  out,  it  may  happen 
that  it  is  necessary  to  remelt  the  cyanide  in  order  to 
have  it  perfectly  white.  This  is  more  a  question  of 
appearance,  than  an  improvement  in  the  real  yalue 
of  the  product. 

The  cyanide  manufactured  in  this  manner  is  our 
cyanide  No.  1,  which  we  often  designate  by  cent 
per  cent.  It  is  of  a  milky  white,  more  or  less  trans- 
lucent, and  its  fracture  is  crystalline  and  vitreous. 
It  i8  completely  odorless,  when  perfectly  dry,  but  if 
it  has  absorbed  the  least  quantity  of  water,  it  pos- 
sesses the  characteristic  smell  of  the  bitter  almond. 
Exposed  to  the  damp  air,  it  soon  falls  into  deliqutufu, 
and  is  decomposed  into  many  products,  such  as  the 
carbonates  and  formiates  of  potassa  and  ammonia. 

If  very  hot  cyanide  were  put  into  a  small  quantity 
of  water,  it  would  be  immediately  decomposed  with 
production  of  ammonia.  On  the  other  hand,  its  cold 
solution  may  be  raised  to  the  boiling  point  without 
sensible  decomposition.  iSTevertheless,  all  solutions 
of  cyanides  are  altered  and  transformed  after  a  cer- 
tain length  of  time. 

When  a  cyanide  is  to  be  kept  for  a  long  whUe,  it 
IS  prepared  with  a  pure  yellow  prussiate  of  soda,  and 
the  product  is  rather  efflorescent  than  hygrometric, 
that  is  to  say,  it  repels  dampness  instead  of  attract* 
ing  it  like  the  cyanide  of  potassium. 

Cyanide  of  Potassium  (Liebig's  method). 

(Ordinary  cyanide.) 

It  will  be  remembered  that  we  have  sometimes 
recommended  in  this  work,  the  substitution  for  the 
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pure  cyanide  marking  96^  98^  or  100°  (from  96  to 
100  per  cent,  of  real  cyanide)  of  one  not  so  rich,  and 
which  owes  to  free  potassa  the  property  of  improv- 
ing the  conducting  power  of  freshly  made  baths. 
The  facility  of  its  manufacture  allows  of  a  much 
lower  price,  even  relatively  to  the  proportion  of  real 
cyanide  it  contains. 

We  have  also  said  that  we  manufacture  three 
qualities  of  this  product: — 

The  first,  or  pure  cyanide  already  described,  espe- 
cially suitable  for  the  gold  or  silver-bath ; 

The  seoandy  marking  about  75°  (75  per  cent,  of  real 
cyanide),  and  intended  for  several  freshly  made  baths, 
and  for  those  of  brass  and  copper ; 

The  (hird,  marking  about  65°  (55  per  cent,  of  real 
cyanide),  and  applied  to  photographic  uses. 

In  order  to  obtain  the  last  two  qualities  we  raise 
to  a  red  heat,  in  covered  iron  crucibles,  the  following 
mixture  for  quality  No.  2 : — 

8  parts  of  purified  and  dried  yellow  prussiate  of 
potassa, 

and  4  parts  of  bicarbonate  of  potassa, 

or  3  parts  of  pure  carbonate  of  potassa, 
and  for  quality  No.  3,  equal  parts  in  weight  of  yellow 
prussiate  and  pure  carbonate  of  potassa. 

The  i-emainder  of  the  operation  is  exactly  as  has 
been  described  for  the  pure  cyanide,  excepting  that 
the  temperature  does  not  require  to  be  so  high.  The 
trial  pellicle  upon  the  glass  rod  should  be  porcelain 
white.  The  fracture  of  these  cyanides  is  more  or  less 
crystalline  or  granular,  according  as  the  cooling  has 
bcMsn  sudden  or  gradual. 

The  presence  of  sulphates  in  the  yellow  prussiate 
or  the  carbonate  of  potassa  employed,  is  sufficient  to 
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impart  to  the  cyanide  a  pink,  green,  or  blue  colora- 
tion ;  a  very  small  proportion  of  this  impurity  is  suf- 
ficient to  color  the  product. 

Cyanide  of  potassium,  or  rather  all  of  the  alkaline 
cyanides,  precipitate  at  first  metallic  solutions,  and 
.  then  redissolve  the  metallic  cyanide  to  form  double 
salts  for  our  baths.  However,  a  certain  number  of 
metals  should  be  excepted,  such  as  platinum,  bis- 
muth, antimony,  tin,  nickel,  etc. 

Cyanide  of  potassium  forms  with  the  salts  of  per- 
oxide of  iron  a  precipitate  of  Prussian  blue,  especially 
in  the  presence  of  an  excess  of  hydrochloric  acid. 

Ferrocyanide  of  Potassium  (not  very  dangerous). 

(Cyanoferride  of  potassiam.    YeUow  prnsBiate  of  potassa.) 

This  product  is  always  manufactured  on  a  large 
scale  for  many  uses  in  the  arts.  It  is  in  the  shape 
of  fine  yellow,  and  semi-translucent,  crystals  which 
break  gradually  and  without  noise.  The  fracture  is 
jagged,  and  filled  with  a  multitude  of  small  bright 
spots. 

The  dried  salt  is  yellowish  white ;  at  a  higher  tem- 
perature it  decrepitates,  and  is  decomposed  into  white 
cyanide  of  potassium,  and  cyanide  of  iron,  the  cya- 
nogen of  which  is  in  its  turn  expelled  as  gas,  whereas 
the  iron  is  reduced  to  the  metallic  state,  or  to  a  car- 
bide. 

The  solution  of  ferrocyanide  of  potassium  is  straw 
yellow,  and  like  the  simple  cyanide  of  potassium,  pre- 
cipitates and  redissol ves  afterwards  nearly  all  metallic 
salts.  However,  its  dissolving  power  is  much  less 
energetic.  The  soluble  anodes  are  but  little,  or  not 
at  all,  dissolved  in  the  baths  composed  of  yellow 
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pnissiate,  which  renders  the  use  of  such  baths  expen- 
sive. 

This  double  cyanide  is  scarcely  poisonous,  and 
does  not  emit  any  smell,  or  absorb  dampness. 

This  salt  is  prepared  by  carbonizing  animal  residue 
such  as  blood,  horn,  hair,  etc.,  with  a  mixture  of  car- 
bonate of  potassa  and  iron  scraps.  The  mass  is  then 
lixiyiated.with  water,  and  the  solution  crystallized. 
"We  should  avoid,  for  the  manufacture  of  white  cya- 
njde  of  potassium,  those  crystals  of  yellow  prussiate 
which,  viewed  obliquely,  present  other  small  bright 
crystals  of  sulphate  of  potassa  which  is  injurious  to 
the  operation. 

Cyanide  of  Zinc. 

(Hjdrocyanate  of  zinc.    Prussiate  of  zinc.) 

A  few  brass  electroplaters  still  employ  this  salt, 
although  it  is  costly,  and  does  not  present  any  real 
advantage  over  the  other  zinc  salts.  It  is  white  or 
dirty  white,  according  as  the  zinc  salt  was  without, 
or  with  iron. 

It  is  insoluble  in  water,  but  soluble  in  ammonia, 
and  in  the  earthy  or  alkaline  sulphites  and  cyanides, 
with  which  it  forms  double  salts,  suitable  for  zinc 
electro-baths.  Its  solution  is  the  more  easy  as  it  has 
been  more  recently  prepared. 

Cyanide  of  zinc  is  obtained  by  incompletely  pre- 
cipitating with  cyanide  of  potassium,  a  solution  of 
sulphate,  nitrate,  chloride,  or  acetate  of  zinc.  The 
precipitate  is  drained  upon  a  filter  of  paper  or  calico, 
and  completely  washed  to  remove  the  remaining 
soluble  zinc  salt. 
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Gelatin. 

(IsinglasB.    Olae.) 

Everybody  knows  what  gelatin  is,  and  that  it  is 
extracted  by  means  of  acids,  or  by  superheated  water, 
from  bones,  skm,  cartilage,  and  simUar  sabstances; 
and  that  it  \a  more  or  less  colored,  according  to  its 
degree  of  purity.  The  common  sorts  are  called 
glue,  and  are  employed  for  making  galvanoplastic 
moulds.  The  least  colored  are  preferred,  because  the 
casts  are  more  delicate. 

Cold  water  swells  up  and  softens  gelatin,  but  hot 
water  will  dissolve  it  in  all  proportions.  This  pro- 
perty, which  is  very  useful  for  the  production  of  the 
moulds,  is,  on  the  contrary,  disadvantageous  when 
the  mould  is  in  the  galvanoplastic  bath.  This  incon- 
venience is  partly  remedied  by  adding  to  the  gelatin, 
before  pouring  it  upon  the  pattern,  a  few  hundredths 
of  tannic  acid  which  combines  with  it,  and  forms  a 
kind  of  leather  which  resists  the  action  of  the  liquids 
better.  At  all  events,  gelatin  moulds  should  be 
rapidly  coated  with  the  metallic  deposit,  otherwise 
they  will  give  very  imperfect  or  valueless  copies. 

If  it  be  true  that  hot  water  dissolves  a  great  pro- 
portion of  gelatin,  which  sets  (takes  consistency)  by 
cooling,  this  property  disappears  by  a  too  long  ebul- 
lition, and  there  remains  a  syrup  which  will  not 
coagulate. 

£enzine. 

(Benzole.    Ghkseine.    Light  oil  from  coal  tar.) 

When  coal  tar  is  distilled,  there  remains  in  the 
retort  a  thick  mastic  called  pitch,  and  the  distillate  is 
composed  of  essential  oils,  having  different  specific 
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gravities  and  points  of  ebullition.  Those  which  are 
lighter  than  water,  are  collected  apart,  and  are  de- 
prived of  their  coloring  matter  by  a  treatment  with 
concentrated  sulphuric  acid,  and  then  with  sodd. 
After  the  proper  washings  and  one  or  several  distilla- 
tions, a  liquid  is  obtained  which  is  colorless,  smelling 
strongly  of  gas,  with  a  sharp  and  bitter  taste,  and 
which  is  completely  insoluble  in  water,  although  it 
imparts  its  smell  to  the  latter.  This  product  becomes 
oxidized  and  reddens  under  the  action  of  solar  light, 
when  it  has  not  been  perfectly  rectified. 

Benzine  dissolves  perfectly  well  all  th^  oils,  resins, 
gum-resins,  varnishes,  fats,  etc.,  and  is  therefore  very 
usefiil  in  our  art.  It  is  much  superior  to  the  alcohol 
and  essence  of  turpentine  formerly  employed  for  re- 
moving resist  varnishes,  and  may  be  used  in  the  cold, 
which  is  a  great  advantage  with  inflammable  sub- 
stances. A  small  proportion  of  naphthaline  is  suffi- 
cient to  give  a  pink,  red,  or  brown  tinge  to  benzine ; 
but  this  is  of  no  consequence  for  our  operations.  The 
preparation  of  this  substance  involves  too  great  a 
danger  of  fire  for  us  to  undertake  it.  Moreover  it  is 
found  in  the  trade  cheap  and  pure  enough  for  our 
purposes. 

Phosphate  of  Ammonia. 

This  salt,  which  is  absolutely  necessary  for  the 
composition  of  baths  for  thick  platinum  deposits,  is 
obtained  by  the  exact  saturaiion  of  phosphoric  acid 
with  ammonia. 

The  liquid  obtained  is  then  evaporated  at  a  gentle 
heat,  and  a  few  drops  of  ammonia  are  now  and  then 
added,  in  order  to  compensate  for  that  removed  by 
the  decomposition  of  small   quantities  of  the  salt. 
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When  the  liquid  becomes  syrupy  it  is  set  aside  to 
crystallize  in  a  cool  place. 

This  salt  may  also  be  prepared  by  decomposing^ 
with  carbonate  of  ammonia,  the  biphosphate  of  lime 
resulting  from  the  digestion  in  sulphuric  acid  of 
ground  and  calcined  bones. 

Phosphaie  of  Soda. 

(Tribasic  phosphate.) 

This  salt  crystallizes  in  fine,  transparent,  and  col- 
orless prisms ;  its  taste  is  slightly  bitter  and  salted, 
and  it  effloresces  by  losing  part  of  its  water  of  crystal- 
lization. It  is  soluble  in  distilled  water  without  pro- 
ducing any  precipitate,  but  causes  a  deposit  of  white 
phosphate  of  lime  in  calcareous  waters.  This  salt  is 
formed  of  one  equivalent  of  phosphoric  acid,  saturat- 
ing two  equivalents  of  soda,  and  one  of  water,  acting 
a  base.     Thence  its  name  of  tribasic. 

At  a  temperature  of  about  200°  C,  phosphate  of 
soda  diminishes  in  volume,  and  loses  all  of  its  water 
of  crystallization,  but  not  that  combined.  By  still 
raising  the  temperature,  it  melts  like  a  glass  and  loses 
the  combined  water,  which  it  will  not  reacquire  except 
by  remaining  a  very  long  time  in  solution.  Its  nature 
and  properties  have  been  entirely  changed;  and  it 
gives  now  a  white  precipitate  with  nitrate  of  silver, 
instead  of  a  yellow  one  as  was  the  case  previously  to 
its  transformation  into  pyrophosphate,  that  is,  a  biba- 
sic  phosphate  capable  of  combining  with  a  metallic 
base,  in  place  of  the  equivalent  of  water  lost.  It  is 
this  property  which  renders  the  pyrophosphate  valu- 
able for  the  preparation  of  gilding  baths  by  dipping, 
and  of  tinning  baths  by  the  battery  or  by  the  method 
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of  double  affinity.    In  these  cases,  it  assimilates  an 
equivalent  of  oxide  of  gold,  or  of  oxide  of  tin. 

Phosphate  of  soda  is  used  for  hot  electro-gilding 
baths,  and  is  prepared  by  treating  calcined  and  pow- 
dered bones  with  sulphuric  acid,  and  letting  the  mix- 
ture rest  for  several  days.*  The  acid  phosphate  of 
lime  is  then  removed  by  washing  the  i^sidue,  and  the 
filtered  liquid  is  saturated  by  carbonate  of  soda  until 
carbonic  acid  is  no  longer  disengaged.  The  clear 
settled  liquor  is  then  concentrated  until  it  marks  33^ 
Baum6,  and  is  allowed  to  crystallize  once  or  several 

times. 

PyrophospJiate  of  Soda. 

(Bibasic  phosphate.) 

The  commercial  salt  is  generally  in  the  form  of  a 
white  powder,  odorless,  and  with  a  hot,  salted,  alkaline, 
and  then  bitter  taste.  It  is  soluble  in  water,  but  not 
so  readily  as  the  preceding  salt,  and  it  requires  dis- 
tilled water,  since  it  produces  precipitates  in  calcar- 
eous waters. 

The  pyrophosphate  of  soda  gives  a  white  precipitate 
with  nitrate  of  silver,  whereas  that  of  the  ordinary 
tribasic  phosphate  is  yellow. 

It  is  employed  for  the  preparation  of  gilding  baths 
by  dipping ;  and  is  obtained  by  fusing  the  ordinary 
dried  tribasic  phosphate,  which  by  this  operation  loses 
an  equivalent  of  combined  water,  and  becomes  bibasic. 
The  temperature  required  is  quite  high,  and  few  cru- 
cibles will  stand  the  heat  and  the  action  of  this  sub- 
stance which  acts  as  a  flux. 

JPlumhdgo. 

(Black  lead.    Graphite.) 

It  is  nearly  pure  carbon,  and  is  generally  found  in 
amorphous  masses  in  several  countries,  as  in  England, 
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Bussia,  Germany^  Ceylon,  the  United  States,  etc. 
This  carhon  is  black,  with  a  certain  lustre,  soft  to  the 
touch,  without  smell  or  taste,  and  is  difficult  to  bum. 

Plumbago,  in  the  natural  state,  is  generally  mixed 
with  a  variable  proportion  of  oxide  or  sulphide  of  iron, 
and  earths,  which  should  be  remoyed  by  washing  with 
hydrochloric  acid. 

Plumbago  is  not  the  same  everywhere,  especially 
in  regard  to  its  molecular  arrangements.  The  best 
plumbago  for  our  art  is  very  black,  and  without  much 
lustre,  except  after  rubbing ;  it  should  firmly  adhere 
to  articles  of  wax  abd  plaster  of  Paris,  and  should 
not  become  detached  from  them  by  being  immersed 
into  a  liquid.  The  best  manner  of  ascertaining  its 
quality  and  purity  is  to  apply  a  galvanoplastic  de- 
posit upon  it,  and  the  sooner  it  is  regularly  coated 
the  better  it  is. 

It  is  employed  for  rendering  conducting  certain  sub- 
stances which  are  not  naturally  so,  and  for  preventing 
the  adherence  between  two  superposed  metals.  Plum- 
bago is  also  used  for  bronzing ;  but,  in  this  case,  it  is 
useless  to  purify  it  with  hydrochloric  acid. 

When  plumbago  is  moistened  with  a  solution  of 
chloride  of  gold  in  ether,  and  then  allowed  to  diy  in 
a  shallow  vessel  exposed  to  solar  light,  we  obtain  the 
gilt  plumbago^  which  is  much  more  conducting  than 
plumbago  alone.  We  also  manufacture  a  silvered 
plumhdgOj  by  calcining  at  a  red  heat,  and  in  a  closed 
crucible,  a  plumbago  which  has  been  moistened  with 
an  aqueous  or  ammoniacal  solution  of  50  to  100 
grammes  of  nitrate  of  silver  per  kilogramme  of  gra- 
phite employed. 
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Amalgamating  Salt  (poisonous). 

This  is  a  triple  salt  of  mercury,  or  rather  a  mercury 
salt  with  three  acids,  and  is  composed  of  the  sulphate, 
nitrate,  and  bichloride  of  this  metal.  It  is  liquid, 
more  or  less  colored,  very  dense,  and  gives  in  water  a 
yellow  precipitate,  which  is  dissolved  by  an  excess  of 
acid.  It  produces  a  violet  stain  on  the  skin,  and 
amalgamates  copper  and  its  alloys  thoroughly  and 
rapidly.  It  is  used  for  amalgamating  the  zincs  of 
batteries,  and  dispenses  with  the  metallic  mercury.  If 
it  is  not  more  economical  than  mercury  alone,  it 
is  more  easily  applied  and  prevents  much  trouble  in 
gilding  works.  It  may  be  substituted  for  the  nitrate 
of  binoxide  of  mercury,  but  the  converse  is  not  true, 
because  nitrate  of  mercury,  employed  as  amalgamat- 
ing salt,  rapidly  perforates  the  zinc. 

It  is  prepared  by  boiling  the  nitrate  of  binoxide  of 
mercury  upon  an  excess  of  a  powder  composed  of 
equal  parts  of  bisulphate  and  bichloride  of  mercury ; 
the  liquor  only,  remaining  after  eooling,  is  used. 

Svlpkate  of  Copper  (poisonous). 

(Blue  vitriol.    Blue  copperas.) 

This  salt  is  manufactured  in  large  quantities  for 
dyeing,  preserving  wood,  the  galvanoplastic  opera- 
tions, etc.  It  is  generally  in  the  shape  of  large  rhom- 
bric  cystals,  translucent  and  of  a  fine  blue  color.  Its 
taste  is  acid,  metallic,  and  astringent,  like  ink,  but 
more  persisting.  By  desiccation  it  loses  its  water 
and  becomes  white;  and,  at  a  higher  temperature, 
the  sulphuric  acid  is  expelled  and  there  remains  a 
blackish-brown  binoxide  of  copper.  It  is  easily  solu-. 
ble  in  water,  especially  when  the  latter  contains  some 


444 


GALVA29^0PLASTIO  MANIPULATIONS. 


free  acid,  and  the  solution  is  blue.  Hot  water  dis- 
solves much  more  of  this  salt  than  cold,  and  it  crys- 
tallizes by  cooling. 

The  solution  of  sulphate  of  copper  constitutes  the 
galvanoplastic  baths  proper,  which  are  rendered  more 
conducting  by  the  addition  of  one-tenth  (in  volume) 
of  sulphuric  acid. 

When  dissolved,  sulphate  of  copper  attacks  and  is 
decomposed,  without  galvanic  action,  by  certain 
metals  such  as  iron,  zinc,  and  steel,  which  are  coated 
by  copper.     Tin  and  bismuth  are  blackened. 

Many  kinds  of  commercial  sulphate  of  copper  are 
impure,  and  hold  variable  proportions  of  the  sulphates 
of  iron  and  zinc,  which  are  injurious  when  their 
amount  is  too  great.  Sulphate  of  zinc  is  detected  by 
passing  through  the  acid  solution  a  current  of  sul- 
phuretted hydrogen  gas.  The  sulphide  of  copper  pro- 
duced is  separated  by  filtration,  and  the  clear  liquor 
is  treated  by  ammonia,  which  produces  a  white  pre- 
cipitate of  oxide  of  sdnc,  soluble  in  an  excess  of  alkali. 
The  iron  remains  also  in  the  acid  liquor  filtered  from 
the  copper,  and  its  presence  is  ascertained  by  the  red 
prussiate  of  potassa  which  gives  a  blue  coloration. 
Another  process  for  the  detection  of  iron  consists  in 
adding  to  a  small  quantity  of  the  solution  of  sulphate 
of  copper,  enough  ammonia  to  dissolve  all  of  the 
oxide  of  copper  precipitated  at  first,  and  the  brown 
oxide  of  iron  will  be  seen  floating  in  the  intensely 
blue  liquor. 

The  best  sulphate  of  copper  comes  from  the  refin- 
ing of  silver  coin  by  sulphuric  acid,  or  from  the  solu- 
tion in  the  same  acid  of  the  scales  of  copper  oxide 
produced  in  rolling  sheets  of  this  metal.     That  ob- 
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tained  by  the  spontaneous  oxidization 
pyrites,  is  always  contaminated  with  iron  i 
We  should  avoid,  for  our  art,  those  chf 
sulphates  extracted  from  old  acid  dippir 
since  they  contain  zinc  and  other  metaU 
nitrate  of  copper  with  free  nitric  acid. 
plastic  baths  prepared  with  them  are  a 
These  sulphates  are  generally  very  wet  ai 
crystals. 

Sidpkate  of  Protoxide  of  Iron. 
(Qreen  copperas.    Qreen  vitriol.) 

This  salt  crystallizes  like  the  preceding 
of  a  fine  green  color.  Its  taste  is  that  of 
is  Tery  soluble  in  water  which  is  colored 
green.  It  is  rapidly  oxidized  by  contact  w 
and  becomes  yellow,  then  reddish,  and  is  ti 
into  a  sulphate  of  sesquioxide  of  iron,  whicl 
other  properties. 

By  heating,  sulphate  of  iron  loses  its  wa< 
tallization  and  becomes  white.  At  a  red  ^ 
it  is  decomposed  into  sulphurous  and  sulpl 
which  escape,  and  there  remains  a  red  an 
lent  residue  which  is  called  colco&ar,  a?iA; 
guioaside  of  iron,  English  rouge,  etc. 

The  sulphate  of  protoxide  of  iron  is  em 
precipitating  gold  from  its  acid  solutions, 
phate  of  sesquioxide  does  not  possess  this 

It  is  prepared,  either  by  evaporating  am 
zing  the  liquors  used  for  cleansing  iron, 
oxidization  in  the  air  of  iron  pyrites.  Tl 
tained  by  this  latter  process  generally  con 
copper,  which  is  precipitated  by  iron  scr 
the  solution. 
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Sulphate  of  Mercury  (poisonous). 

Mercury  and  sulphuric  acid  form  two  combina- 
tions ;  the  sulphate  of  protoxide  and  that  of  binoxide, 
the  latter  being  sometimes  and  wrongly,  called  bi- 
sulphate,  the  sulphate  of  tiinoxide  is  employed  for  the 
Mari6  Davy  battery. 

This  latter  salt  is  white,  pulverulent,  and  more  or 
less  dry,  according  as  it  retains  a  less  or  greater  pro- 
portion of  acid.  It  is  decomposed  by  water,  especially 
when  the  latter  is  hot,  and  forms  two  new  salts,  one 
of  which  is  very  acid  and  is  called  the  supersulphate 
of  mercury,  whereas  the  other  is  basic,  and  becomes 
precipitated  as  a  yellow  powder  of  subsulphate  or 
mineral  turbiffi.  The  subsulphate  of  mercury  is  the 
really  useful  salt  of  the  Mari6  Davy  battery,  since 
the  sulphate  employed  is  always  moistened. 

The  sulphate  of  binoxide  of  mercury  is  prepared  by 
heating  in  a  porcelain  dish  one  part  of  mercury  with 
two  parts  of  concentrated  sulphuric  acid,  and  com- 
pletely drying  the  product.  Great  quantities  of  sul- 
phurous acid,  and  then  of  sulphuric  acid,  are  disen- 
gaged during  the  operation,  and  when  the  end  is  near 
the  paste  should  be  constantly  stirred  with  a  glass  rod. 

Sulphate  of  2iinc. 

(White  vitriol.     White  copperas.) 

The  trade  furnishes  this  salt  in  three  forms :  either 
in  white  or  opaque  plates,  or  in  large  transparent 
crystals,  or  in  a  mass  formed  of  a  quantity  of  needle- 
like  crystals,  resembling  those  of  sulphate  of  mag- 
nesia or  of  tin  salt. 

Its  taste  is  sour,  styptic,  and  metallic,  and  it  is  very 
soluble  in  water  which  remains  colorless.    It  is  de- 
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composed  by  a  strong  heat,  and  oxide  of  zinc  forms 
the  residue.  Its  neutral  solutions  give  a  white  pre- 
cipitate with  sulphuretted  hydrogen,  and  no  precipi- 
tate is  produced  in  acid  solutions.  The  sulphide  of 
zinc  is  the  only  white  metallic  sulphide  which  is 
known ;  and  this  is  the  reason  why  zinc  paints  remain 
white,  notwithstanding  the  presence  of  sulphur  gases 
which  so  rapidly  blacken  paints  made  of  white  lead 
and  other  metals. 

Sulphate  of  zinc  is  employed  for  zinc  and  brass 
electro-baths,  in  the  preparation  of  acids  for  a  dead 
lustre,  and  for  a  frosted  lustre  upon  clocks  and 
jewelry. 

Sulphite  and  Bisulphite  of  Soda. 

The  former  salt  forms  white  crystals  of  various 
sizes,  which  are  rapidly  transformed  into  an  amor- 
phous powder  by  efflorescence. 

It  possesses  no  smell,  but  its  taste  is  flat  and  salted 
and  sulphurous  at  the  same  time.  It  is  very  soluble 
in  water,  and  is  gradually  transformed  into  sulphate 
by  the  absorption  of  the  oxygen  of  the  air.  Powerful 
acids  decompose  it  with  abundant  production  of  sul- 
phurous acid,  which  is  easily  recognized  by  its  smell 
of  burning  sulphur.  During  this  reaction,  the  liquor 
remains  clear,  and  is  thus  distinguished  from  the 
hyposulphite,  which  also  disengages  sulphurous  acid, 
but  deposits  sulphur  in  the  solution. 

Sulphite  of  soda,  and  generally  all  the  soluble  sul- 
phites, dissolve  the  salts  of  gold,  silver,  copper,  etc., 
under  certain  circumstances,  and  transform  them 
into  double  colorless  salts  which  possess  more  or  less 
stability,  and  are  employed  for  electro-baths. 

The  sulphite  of  soda  may  absorb  an  excess  of  sul- 
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phurous  acid,  and  thus  become  a  bisulphite,  which 
should  always  be  preferred  to  the  neutral  salt. 

The  neutral  sulphite  of  soda  is  prepared  by  passing 
a  stream  of  sulphurous  gas  through  a  solution  of 
carbonate  of  soda  until  the  liquor  neither  turns 
red  litmus  paper  blue,  nor  reddens  a  blue  one.  If 
the  solution  be  very  concentrated,  a  quantity  of 
small  crystals  of  bicarbonate  of  soda  become  preci- 
pitated during  the  middle  of  the  operation,  and 
should  be  stirred  to  prevent  them  from  obstructing 
the  gas  tube.  An  excess  of  sulphurous  acid  decom- 
poses them  with  abundant  production  of  carbonic 
acid.  The  saturated  liquor  crystallizes  by  cooling 
if  concentrated ;  in  the  other  case  it  should  be  evapo- 
rated to  a  certain  point.  ' 

The  bisulphite  of  soda  is  produced  by  continuing 
the  passage  of  the  sulphurous  gas,  and  the  solution 
reddens,  and  even  destroys  the  color  of  blue  litmus 
paper.  This  salt  loses  in  the  air  its  excess  of  sul- 
phurous gas,  then  becomes  neutral  sulphite,  and,  after 
a  long  while,  sulphate  of  soda,  by  the  absorption  of 
oxygen. 

Sulphide  of  Ammxmium  (poisonous). 

(Salphydrate  or  hydrosulphate  of  ammonia.) 

This  salt  is  liquid,  and  of  a  deeper  reddish-yellow 
color,  as  it  contains  more  sulphur.  Its  smell  is  that 
of  a  mixture  of  ammonia  and  rotten  eggs,  and  its 
taste  is  alkaline  and  nauseous.  The  sides  of  the 
bottles  in  which  it  is  kept  are  often  covered  with  a 
pellicle  of  sulphur  or  sulphide.  By  rapid  evapora- 
tion a  residue  of  sulphur  is  left. 

It  rapidly  forms  sulphides  with  the  metals,  and 
produces  on  silver  the  black  coating  misnamed  oxidi. 
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We  have  also  seen  that  it  is  often  employed  for 
bronzing,  and  that  it  produces  peculiar  patines  on  the 
surface  of  various  metals  or  alloys.  It  is  prepared  by 
saturating  ammonia  with  sulphuretted  hydrogen  gas. 

"We  generally  employ  it  with  an  excess  of  sulphur, 
that  is  to  say,  after  it  has  been  kept  for  a  few  hours 
with  an  excess  of  flowers  of  sulphur,  and  at  a  tem- 
perature of  about  70P  C.  The  liquid  is  then  of  a 
dark  reddish-yellow. 

It  may  also  be  prepared  by  the  decomposition  of 
the  sulphide  of  barium,  calcium,  or  strontium,  by  car- 
bonate of  ammonia. 

We  should  avoid  opening  a  bottle  of  sulphide  of 
ammonium  in  silver  plating  rooms. 

Sulphides  of  Calcium^  Potassium^  and  Sodium 

(poisonous). 

(Livers  of  sulphur,  or  polysulphides  of  cftlcium,  potassium, 

and  sodium.)  , 

These  salts  are  obtained  in  solution  by  boiling  the 
alkali  and  the  flowers  of  sulphur  in  a  certain  quantity 
of  water.  They  are  produced  in  the  dry  way  by 
projecting  powdered  quicklime,  or  potassa,  or  soda 
into  melted  sulphur,  and  then  casting  the  mixture  on 
a  marble  slab. 

These  dry  sulphides  are  generally  in  the  shape  of 
plates,  which  are  greenish  or  whitish  at  the  surface, 
and  reddish-yellow  inside.  They  are  soluble  in  water, 
which  is  colored  yellow  or  red,  according  to  the  degree 
of  concentration.  By  spontaneous  decomposition  they 
have  the  smell  of  rotten  eggs ;  and,  when  treated  by  an 
acid,  they  emit  sulphuretted  hydrogen  with  a  deposit 
of  sulphur  at  the  same  time.  Their  uses  in  our  art 
are  the  same  as  those  of  sulphide  of  ammonium. 
29 
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Bisulphide  of  Carbcm. 
(Sulphide  of  carbon.    Liqaor  of  Lampadios.) 
If  we  bring  to  a  red  heat  a  Btoneware  or  porcelain 
tube  (Fig.  116)  filled  with  charcoal,  and  then  intro- 

Fig.  116. 


duce  (and  immediately  close  the  aperture)  fragments 
of  Bulphnr  into  it,  the  liquid  which  results  &om  Uie 
combination  of  the  salphur  and  carbon  is  condensed 
at  the  bottom  of  the  water  in  the  receiver,  and,  after 
a  distillation  in  another  vessel,  is  a  pure  bisulphide 
of  carbon. 

It  is  a  colorless  and  transparent  liquid,  which  u 
very  dense,  and  possesses  the  double  refraction.  Its 
smell  is  characteristic,  and  may  be  compared  to  that  of 
rotten  turnips,  or  of  certain  gases  from  the  intestine. 
It  is  very  volatile,  and  produces  upon  the  hand  a 
disagreeable  sensation  of  cold.  It  bums  with  a  blue 
flame  of  sulphurous  acid,  and  carbonic  acid  is  pro* 
duced  at. the  same  time.    No  residue  is  left. 

Bisulphide  of  carbon  dissolves  many  kinds  of 
resins,  &ts,  and  gum  r^ins,  such  as  liidia-rubber 
and  gutta  percha,  and  also  sulphur  and  phosphtnus. 
This  last  solution  is  employed  in  our  art  for  reducing 
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the  nitrate  of  silver  to  the  metalHo  state  upon  certain 
moulds,  which  thaa  become  condacting. 

The  apparatus  for  the  manufacture  of  the  bisul- 
phide of  carboQ  imitates  on  a  larger  scale  the  disposi- 
tion of  the  fig.  IIT.  A  large  stoneware  retort  is 
heated  in  a  furnace,  and  carries  a  tubulure,  through 

Pig.  117. 


which  passes  a  stoneware  tube  reaching  to  the  bot- 
tom of  the  charcoal,  and  the  upper  end  of  which  is 
closed  by  a  stopper.  The  neck  of  the  retort  projects 
from  the  ftu-nace,  and  penetrates  a  connecting  tube 
fixed  to  a  receiver  filled  with  water.  "When  the  retort 
is  brought  to  a  red  heat,  a  few  fragments  of  sulphur 
are  introduced  by  the  top  of  the  stoneware  tube,. 
which  is  qtiickly  closed.  The  vapor  of  sulphur  is 
obliged  to  pass  through  the  mass  of  incandescent 
charcoal,  combines  with  it,  and  condenses  in  the 
■water  of  the  receiver. 

The  product  thus  obtained  contains  an  excess  of 
sulphur,  which  is  removed  by  distillation  in  a  water 
bath.  Pure  bisulphide  of  carbon  should  volatilize 
without  leaving  any  residue. 

Sulphide  of  carbon  is  uow  obtained  in  the  trade  at 
a  very  low  price. 
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CHAPTER  LXni. 

IXSTBIJMENTS  AND  APPARATUS  DAILY  KBIPLOTED 

IN  THB  ABT. 

Stirring  Rods. 

These  are  rods  made  of  various  substances,  and  are 
employed  for  mixing  together  liquids,  or  pastes,  or 
liquids  and  pastes,  or  solids  with  liquids,  or  yarions 
solids  in  the  dry  state.  Their  length  and  thickness 
should  be  suited  to  the  volumes  to  be  mixed. 

The  best  stirring  rods  are  those  which  are  without 
chemical  action  upon  the  substances  with  which  they 
are  in  contact ;  neither  should  they  become  impreg^ 
nated  with  them.  Kods  made  of  glass,  stoneware, 
or  porcelain  are  the  best  in  most  cases.  Wood  and 
most  metals  should  be  avoided,  because  the  former 
is  absorbing,  and  the  latter  are  corroded  and  easily 
oxidized. 

The  operator  in  the  various  branches  of  our  art 
should  always  have,  near  at  hand,  a  complete  assort- 
stent  of  glass  stirrers  of  various  sizes,  and  with  melted 
lor  ground  ends,  in  order  not  to  scratch  the  vessels  in 
which  he  operates. 

Anodes. 

We  thus  call  the  plates  or  wires  of  different  metals, 
placed  at  the  end  of  the  connecting  wire  starting 
from  the  positive  pole  of  a  battery. 
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The  anodes  are  soluble  or  insoluble,  that  is,  they 
become  dissolved  under  the  influence  of  the  galvanic 
current  to  partly  maintain  the  metallic  strength  of 
the  bath,  or  they  simply  bring  the  currei^t  into  the 
bath  without  being  dissolved. 

Generally  the  soluble  anodes  are  of  the  same  metal 
with  which  the  bath  is  composed ;  and  the  insoluble 
anodes  are  of  platinum,  graphite  of  gas  retorts,  car- 
bon, or  any  other  conducting  and  insoluble  substance. 

Soluble  anodes  are  generally  completely  immersed 
in  the  solution,  and  connected  with  the  conducting 
wire  by  other  platinum  wires.  Insoluble  anodes,  on 
the  contrary,  are  rarely  completely  immersed,  and,  by 
dipping  them  more  or  less,  we^  increase  or  diminish 
at  will  the  amount  of  electricity. 

(Aroxneters  for  acids  and  salts.) 

These  are  instruments  generally  made  of  glass,  for 
ascertaining  the  specific  gravities  of  liquids.  There 
are  hydrometers  for  acids^  salts,  alkalies,  syrups,  alco- 
hol, ether,  liquors,  etc. 

A  great  many  operators  think  that  hydrometers  will 
not  only  indicate  the  specific  gravity,  but  also  the 
composition  and  the  quality  of  their  baths ;  they  im- 
agine, for  instance,  that  if  they  have  once  had  good 
results  with  a  bath  marking  9^,  any  other  bath  mark- 
ing also  9^  must  be  equally  good.  It  is  a  great  mis- 
take, which  should  be  corrected. 

A  hydrometer,  in  general,  is  an  instrument  in- 
tended to  indicate  the  specific  gravity  of  a  liquid, 
relating  to  the  specific  gravity  of  distilled  water  at 
its  maximum  of  density,  that  is,  at  4^  C  above  O. 
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As  there  are  liquids  lighter  and  heavier  than  water, 
it  is  necessary  to  haye  two  kinds  of  hydrometers,  or 
rather,  two  different  graduations  of  this  instrument 
Baum6,  an  apothecary  of  Paris,  was  the  first  to 
construct  a  hydrometer  of  constant  weight.  It  is  a 
glass  tube,  the  lower  third  of  which  is  composed  of  a 
large  bulb  or  cylinder,  ended  by  a  smaller  bulb,  in 
which  is  put  a  certain  weight  of  lead  or  mercury  ad> 
ing  as  ballast  for  sinking  the  instrument  more  or  less 
in  the  liquid.  The  cylindrical  and  narrow  tube,  above 
the  large  bulb,  receives  a  small  cylinder  of  paper 
upon  which  are  marked  the  divisions  or  degrees  of 
the  scale. 

This  instrument  is^;raduated  by  two  different  me- 
thods, according  as  it  is  intended  for  determining  the 
specific  gravity  of  liquids  heavier  or  lighter  than  water 
at  +  4^  C. 

If  it  be  intended  for  liquids  heavier  than  water,  for 
acids  and  saline  solutions,  for  instance,  mercury  or 

lead  are  put  in  the  lower  bulb  imtil  the 
Fig.  118.        instrument  has  sunk  nearly  to  the  top 

in  water,  and  the  0  of  the  paper  scale  is 
made  level  with  that  of  the  liquid  (Fig. 
118).    The  hydi'ometer  is  then  dipped 
\io         into  a  solution  of  15  parts  of  common  salt 
(chloride  of  sodium)  in  85  parts  of  dis- 
tilled water,  and  the  line  where  the  level 
of  the  liquid  touches  the  tube  is  marked 
15°.    The  space  between  0  and  15®  is 
divided  into  15  equal  parts,  and  this 
graduation  is  continued  upon  the  remainder  of  the 
scale.    66®  is  the  specific  gravity  of  concentrated  sul- 
phuric acid  with  Baum^'s  hydrometer. 
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For  liquids  lighter  than  water,  the  gradoation  of 
the  preceding  hydrometer  is  reversed  (Fig.  119). 
The  0  is  at  the  lower  part  of  the  stem,  and 
is  determined  by  plunging  the  instrument      F*g*  ^l^- 
into  a  solution  of  10  parts  of  common  salt 
in  90  parts  of  water.    10^  is  marked  at  the 
level  line  in  distilled  water,  and  the  space 
between  0  and  10^  is  divided  into  10  equal 
parts,  and  the  same  graduation  continued 
for  the  remainder  of  the  scale. 

A  similar  method  may  be  employed  for 
constructing  special  hydrometers  for  spe- 
cial saline  solutions,  one  of  common  salt, 
for  instance.    The  0  of  the  instrument  is  at  the  level 
line  in  distilled  water ;  5^  in  a  solution  of  5  parts  of 
salt  in  95  of  water ;  10^  in  a  solution  of  10  parts  of 
salt  in  90  of  water ;  and  so  on. 

But  such  an  instrument  cannot  be  employed  for 
determining  the  compoaition  of  different  solutions; 
and  queer  mistakes  would  be  made  if  we  desired  to 
ascertain  the  composition  of  a  solution  of  nitrate  of 
silver  with  an  hydrometer  graduated  especially  for 
one  of  sulphite  of  soda  for  instance.  It  is  also  evi- 
dent that  the  same  hydrometer  will  not  do  for  de- 
termining the  composition  of  a  solution  containing 
two  different  salts.  Thus,  a  photographer  may  arrive 
at  the  composition  of  a  pure  solution  of  nitrate  of  sil- 
ver with  an  hydrometer  especially  constructed  for 
the  purpose ;  but  the  same  instrument  will  give  no 
indication  whatever  as  to  the  proportion  of  silver  con- 
tained in  an  electro-silvering  bath,  which  contains 
many  other  salts  besides  that  of  silver. 

Therefore,  hydrometers  are  useful  only  for  verifying 
the  degree  of  the  acids  bought,  and  as  an  indication 
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whether  the  specific  grayities  of  his  baths  are  too 
much  above  or  below  the  limits  known  for  the  easy 
passage  of  the  galvanic  current. 

Gflasa  BoMoons  and  Flaska. 

These  are  spheres  of  thin  blown  glass,  with  necks 
of  various  dimensions  in  length  and  diameter.  They 
are  employed  for  heating  acids,  dissolving  metals,  and 
a  great  many  other  uses.  They  should  be  placed 
upon  triangular  supports  of  iron,  and  at  a  certain 
distance  from  the  fire.  The  thinner  they  are,  the 
more  easily  they  bear  sudden  changes  of  temperature. 
We  prefer  them  to  porcelain  evaporating  dishes,  for 
dissolving  gold,  because  there  is  much  less  danger  of 
losing  a  part  of  the  product  by  its  projection  outside. 

Kettles  and  Boiling  Pans. 

These  are  of  various  shapes,  hemispheric,  or  with 
flat  bottom,  and  are  made  of  different  materials. 

Those  of  copper  are  employed  for  whitening  with 
silver  and  cream  of  tartar.  Cast  and  sheet  iron  are 
preferable  for  cleansing  with  caustic  alkalies,  or  for 
evaporating  residues. 

The  stoneware  pans  or  jars  for  desilvering  (strip- 
ping), or  for  giving  a  dead  lustre  to  copper  in  warm 
acids,  are  heated  on  sand  or  water  baths. 

The  cast-iron  enameled  kettles  are  used  for  hot 
baths  of  copper,  silver,  gold,  and  platinum. 

IN'otwithstanding  their  enamel,  these  vessels  become 
gradually  impregnated  with  the  solutions  they  have 
held,  and  it  is  dangerous  to  employ  them  for  other 
kinds  of  baths.  Thus  an  ^lameled  kettle  which  has 
been  used  for  silvering,  will  not  be  suitable,  even  after 
the  most  thorough  washing,  for  a  gold  bath,  because 
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the  gilding  will  certainly  be  white  or  green,  accordmg 
to  the  quantity  of  silver  furnished  by  the  vessel. 

Brushes. 

A  definition  of  this  tool  is  unnecessary ;  and  we 
shall  simply  indicate  the  various  kinds  suitable  to  the 
different  operations  of  our  art. 

The  gilder  with  fire  employs,  for  equalizing  the 
coat  of  amalgam,  a  long  handled  brush,  the  bristles 
of  which  are  long  and  very  8ti£F. 

The  electro-gilder  uses  a  brush  (Fig.  120)  with 
long  and  flexible  bristles. 

For  scouring  with  sand  and  pumice-stone  dust  those 
alloys  holding  nickel,  such  as  maillechort  and  German 
silver,  which  are  difficult  to  cleanse  in  acids,  the  pre- 
ceding brush  with  smaller  and  stiffer  bristles  is  used. 

Fig.  120.  Fig.  121.  Fig.  122. 


The  gilder  of  watch-parts  has  an  oval  brush  (Fig. 
121),  with  stiff  and  short  bristles  for  graining  the 
silver. 

The  galvanoplastic  operator,  for  coating  moulds 
with  plumbago,  uses  not  only  tools  and  pencils,  but 
also  three  kinds  of  brushes — ^the  watchmaker's  (Fig. 
122),  a  hat  brush,  and  a  boot-shining  brush. 

The  bronzing  operator  uses  all  kinds  of  brushes. 

Brushes  are  perfectly  deprived  of  adherent  grease 
by  benzine  or  sulphide  of  carbon. 
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Burnishing  Tools. 
We  have  already  described  them  in  this  work. 

Evaporaiing  Dishes  or  Capsules. 

These  are  vessels  of  porcelain  or  of  other  ceramic 
paste,  and  are  intended  to  bear  a  high  temperature. 
The  best  are  thin  and  uniformly  so.  The  same  as 
glass  balloons  and  flasks,  they  should  be  supported 
above  the  fire  upon  an  iron  triangle.  As  far  as 
practicable  they  should  be  gradually  heated  and 
cooled.  When  taken  from  the  fire,  they  should  be 
placed  upon  rings  made  of  plaited  straw.  They  are 
made  with  or  without  lips,  and  some  have  a  socket 
for  a  wooden  handle.  Glass  evaporating  dishes  are 
not  durable. 

We  find  in  the  trade  several  kinds  of  evaporating 
dishes : — 

1.  Those  of  S6vres,  fine,  but  not  sufficiently  re- 
fractory ; 

2.  Those  of  Bayeux,  tawny  or  bluish,  which  are  in 
general  use,  but  are  open  to  several  objections ; 

3.  Those  of  Orchamp,  thick,  and  often  with  a 
brown  enamel  inside.  They  crack  at  various  places 
by  the  action  of  the  fire,  but  do  not  break  apart ; 

4.  Those  of  the  Anglo-French  Co.  of  Saint-Gau- 
dens,  which  are  as  white  as  those  of  Sevres,  but  much 
more  refractory.  They  are  manufactured  especially 
for  our  house. 

Conducing  wireSy  Electrodes.    Beophores. 

These  are  the  names  applied  to  the  metallic  wires, 
bands,  spirals,  or  ribbons,  which  carry  the  electric 
current  to  the  baths. 


'|»r» 
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The  conducting  wires  are  either  employed  with  their 
natural  metallic  surface,  or  are  covered  with  some  in- 
sulating,  or  poorly  conducting,  substance,  such  as  cot- 
ton, silk,  India-rubber,  gutta  percha,  and  various  var- 
nishes. It  is  evident  that  covered  electrodes  should 
be  bare  and  clean  at  their  extremities,  which  are  con- 
nected with  the  battery  and  the  anodes,  or  catodes 
(objects  to  be  coated).  Pure  copper  possesses  the 
best  conducting  power;  and  after  it  come  brass, 
gold,  silver,  platinum,  iron,  zinc,  etc. 

We  do  not  mean  that  conducting  wires  should 
always  be  of  copper ;  but,  if  two  wires,  one  of  copper, 
and  another  of  iron,  were  starting  from  the  same  place 
on  a  battery,  it  is  very  likely  that  all  of  the  electricity 
would  preferably  pass  through  the  copper  wire.  On 
the  other  hand,  when  there  is  no  choice,  the  current 
will  pass  through  any  kind  of  metallic  substance.  | 

Insulated  electrodes  may  come  in  contact  with 
each  other  without  inconvenience.  Such  is  not  the 
case  with  bare  electrodes,  because  the  electricity  will 
pass  through  the  shortest  circuit,  and  will  not  go 
through  the  bath  if  the  two  electrodes  are  in  metallic 
contact. 

01(188  Jar8. 

These  are  glass  vessels,  generally  cylindrical,  closed 
at  one  end,  and  of  very  variable  capacities. 

They  are  employed  for  small  gilding,  silvering,  and 

galvanoplastic  baths  in  the  cold.    They  are  very 

handy  and  serviceable  for  amateurs,  because  their 

transparency  permits  of  the  watching  of  the  operation 

at  all  times. 

y  BeloHs. 

These  are  pear  shaped  vessels,  with  a  neck  nearly 
at  a  right  angle  with  the  body.    They  are  with  or 
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without  tubulures ;  and  their  material  is  glass,  por- 
celain,  stoneware,  refractory  clay,  or  metal. 

They  are  employed  for  the  preparation  of  gases  or 
the  distillation  of  liquids,  and  the  product  is  collected 
in  suitable  receiyers. 


Crucibles. 

These  are  vessels,  the  shape  of  which  is  generally 
an  inverted  tnmcated  cone,  the  smaller  end  being 
closed,  and  the  larger  open*  Sometimes  the  opening 
is  triangular. 

Crucibles  are  made  of  many  kinds  of  materials : 
metals,  refractory  clay,  stoneware,  porcelain,  plum- 
bago or  graphite,  etc.  They  are  generally  provided 
with  a  cover  of  the  same  material,  and  are  raised 
above  the  grate  bars  of  the  furnace  by  means  of  bricks 
or  cylinders  of  clay. 

Metallic  crucibles  may  be  heated  rapidly,  but  the 
others  require  to  have  their  temperature  raised  gradu- 
ally and  carefully. 

They  are  employed  for  the  preparation  of  many 
salts,  for  the  fusion  of  metals,  etc.  Kon-metallic 
crucibles  are  rarely  used  for  more  than  one  operation. 

Troughs. 

•  

These  are  made  of  different  substances,  and  their 

shape  is  circular,  square,  or  rectangular.   They  should 

be  perfectly  tight,  impervious  to  the  solutions,  and 

unacted  upon  by  them.  . 

Stoneware,  glass,  or  porcelain  troughs  are  the  best ; 

but  they  are  brittle  and  expensive.    Tliose  of  wrought 

or  cast  iron  are  suitable  only  for  neutral  or  alkaline 

solutions,  and  they  must  be  insulated  from  the  anodes 
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or  articles  plunged  into  them,  so  as  not  to  have  the 
galvanic  carrent  passing  through  them. 

Wooden  troughs  should  have  their  insides  covered 
with  heavy  coats  of  varnish  or  pitch,  resisting  the  ac- 
tion of  the  baths,  or  with  a  sheathing  of  gutta  percha 
or  India-rubber.  They  are  sometimes  lined  with 
sheet  lead,  welded  by  the  gas  process,  since  any  kind 
of  tin  solder  should  be  discarded.  Such  troughs  are 
satisfactory  for  galvanoplastic  operations,  provided 
that  the  lead  lining  be  insulated  from  the  electric 
circuit. 

Diaphragms.    Porous  Cells. 

These  are  vases,  plates,  or  partitions  which,  from 
their  porousness  or  permeability,  allow  liquids  of  dif-* 
ferent  natures  to  be  separated  and  connected  at  the 
same  time.  Thus,  if  we  divide  a  trough  by  a  partition 
plate,  made  of  baked  pipe  clay,  and  fill  one  side  with 
diluted  sulphuric  acid,  and  the  other  with  a  solution 
of  potassa  (both  liquids  being  at  the  same  level),  the 
two  liquids  will  penetrate  the  porous  plate  or  dia- 
phragm and  there  react  upon  each  other  without  their 
masses  participating  in  the  action. 

We  have  seen,  in  Daniell's  battery,  that  the  porous 
cell  separates  the  exciting  liquid  (solution  of  salt  or 
sulphuric  acid)  from  the  solution  of  sulphate  of  cop- 
per. In  Grove's  and  Bunsen's  batteries,  they  sepa- 
rate the  acids ;  and  also  the  acidulated  liquor  in  the 
simple  galvanoplastic  apparatus. 

Any  porous  substance,  unacted  upon  by  the  solu- 
tions, is  suitable  for  the  manufacture  of  diaphragms. 
Wood,  sail  cloth,  leather,  gold  beater's  skin,  bladders, 
baked  porcelain  and  pipe  clay,  etc.,  are  employed. 
Kevertheless,  diaphragms  or  porous  cells  made  of 
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porcelain  paste,  and  rendered  neither  too  much  nor  too 
little  porouB  by  a  proper  baking,  are  preferable  to 
all  others  for  durability  and  good  working. 

FUters. 
Filtering  a  solution,  a  bath,  or  any  other  liquor, 
consists  in  making  it  pass  through  a  permeable  sub- 
stance, the  pores  or  meshes  of  which  are  sufficiently 
closed  to  retain  all  the  undiBSolved  substances,  which 
are  thus  separated  from  the  liquid  part 

Filters  are  of  very  different  materials  and  shapes. 
Cloths,  calico,  etc.,  are  coarse  filters  made  in  the 
form  of  pockets.    Their  clean  filtering  power  is  con- 
siderably improved  by  covering  them  with  a  layer  of 
sand,  wool,  bone  black,  etc.  These  latter 
Fig.  123.       substances   themselves,  properly  fixed, 
will  be  sufficient  to  ffiter. 

Felted  wool  (generally  rabbit's  hair)  is 
made  in  the  shape  of  a  conical  pocket 
(Fig.  123),  and  is  suited  only  for  neu- 
tral substances.  Alkalies  destroy  it 
rapidly. 

Concentrated  acids  are  filtered  upon 
amianUms,  or  asbestos^  compressed  in  the 
neck  of  a  glass  funnel  upon  broken  fragments  of  glass. 
Many  acids  may  be  filtered  upon  gun  cotton. 

But  the  most  important  filter  for  us  is  that  made  of 

unsized  paper.    This  filter  (Fig.  124)  is  prepared  by 

folding  diagonally  a  square  piece  of  paper 

^If'it^t'i,     "^^^^^  ^^^^  prepared  forms  a  triangle,  again 

ySmw     doubled  up.   Then,  beginning  at  one  edge, 

^Uv      smaller  folds  are  made  alternately  to  the 

y^         right  and  to  the  left,  but  all  converging 

toward^  the  point,  like  a  fan.     The  filter 
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being  incompletely  opened,  we  see  that  the  two  end 
folds  are  incomplete  and  present  surfaces  requiring 
another  fold  in  the  middle.  The  filter  is  then  trimmed 
on  top  and  introduced  into  the  funnel,  with  care  that 
all  the  outward  edges  rest  against  it. 

If  it  be  feared  that  the  filter  will  not  resist  the 
weight  of  the  liquid,  the  point  is  twists  to  the  left 
or  to  the  right,  and  while  it  is  still  held  bcftween 
two  fingers  of  the  left  hand,  the  whole  filter  is  turned 
orer^  so  that  the  inward  folds  become  the  outward 
ones.  A  filter  with  such  a  rounded  point  is  better 
supported  in  the  ftinnel  and  filters  more  rapidly. 

This  method  is  preferable  for  rapid  filtration ;  but 
if  we  desire  to  recover  precipitates,  the  filter 
represented  by  fig.  125  is  more  suitable.  The    ^^S'  ^2^- 
paper  is  twice  doubled  up,  and  by  opening    ^—E^ 
it  with  one  finger,  three  thicknesses  of  paper     \  1    / 
are  laid  on  one  side,  whereas  one  single        >^ 
thickness  remains  on  the  other  side.    This 
filter  requires,  however,  that  the  angle  of  aperture  of 
the  funnel  should  be  of  about  60°. 

A  piece  of  straw  or  of  paper  placed  between  the 
neck  of  the  bottle  and  the  ftmnel,  will  permit  of  the 
escape  of  the  air. 

Sieves  made  of  metallic,  silk,  or  hair  gauze,  are 
nothing  but  more  or  less  coarse  filters. 

ScraU^hruahes. 

We  have  already,  in  this  book,  given  in  externa  the 
description  and  use  of  these  tools.  * 

Syphons. 

The  most  simple  and  handy  syphon  in  many  cases, 
is  a  piece  of  lead  pipe  bent  into  two  unequal  branches, 
the  smaller  of  which  plunges  into  the  liquid  to  be 
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drawn  out.    A  piece  of  India-rubber  tube  may  be 
employed  for  similar  purposes. 

But,  as  these  materials  may  be  acted  upon  by  Tari- 
ous  solutions,  glass  syphons  are  used  with  or  withoat 
a  suction  tube. 

A  syphon  is  a  true  balance,  the  pans  of  which  are 
represented  ^by  columns  of  liquid  filling  the  two  un- 
equar  branches ;  the  longer,  and  of  course  the  heavier, 
column  breaks  the  equilibrium  on  its  side,  and  the 
liquid  falls.  While  the  liquor  runs  out,  a  vacuum 
cannot  take  place  inside  of  the  syphon,  and  therefore 
new  liquor  penetrates  through  the  short  branch  and 
is  carried  away  by  the  lon^r,  as  long  as  the  short 
branch  remains  in^ersed. 

In  order  to  start  a  syphon  with  rigid  branches,  the 
two  openings  are  turned  up,  and  a  certain  quantity 
of  liquor  or  water  is  poured  in.  When  the  liquid 
reaches  the  lower  opening,  this  is  closed  with  the 
thumb,  and  the  long  branch  is  filled.  Then,  dosing 
the  upper  opening  with  the  thumb  of  the  other  hand, 
the  syphon  is  returned  to  its  normal  position,  and 
the  small  branch  plunged  into  the  liquor.  The  thumb 
is  removed  first  from  the  opening  in  the  liquid,  before 
the  thumb  closing  the  longer  branch  is  withdrawn. 
Without  this  precaution  air  will  penetrate  in  the  sy- 
phon, and  the  operation  will  have  to  be  begun  again. 

If  the  syphon  be  an  India-rubber  tube,  it  is  entirely 
plunged  into  the  liquid,  and  when  filled,  one  extrem- 
ity is  closed  by  pinching  it  between  the  fingers,  then 
withdrawn  from  the  vessel,  and  bent  into  a  longer 
branch  than  that  remaining  in  the  liquor. 

For  syphoning  corrosive  solutions  which  cannot 
be  touched  with  the  fingers,  we  employ  a  syphon 
with  a  suction  tube.    The  shorter  branch  is  plunged 
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into  the  liquid,  and  the  longer  one  is  closed  with  the 
finger  or  an  India-rubber  pad  pressed  against  it. 
Then,  with  the  mouth,  we  carefully  suck  by  the  lateral 
suction  tube  until  the  liquid  fills  the  longer  branch. 

If  there  be  danger  in  inhaling,  the  action  of  the 
mouth  may  be  replaced  by  an  India-rubber  ball, 
fastened  to  the  suction  tube.  The  longer  branch  of 
the  syphon  is  closed  as  aforesaid,  and  the  ball  com- 
pressed in  order  to  remove  the  air.  By  its  elasticity 
the  ball  resumes  its  former  volume,  and  sucks  the 
liquor. 

For  pouring  acids,  etc..  from  vessels  with  compara- 
tively small  apertures,  carboys  for  instance,  an  India- 
Fig.  126.  Fig.  1ST. 


^ 


rubber  cover  fastened  to  the  syphon  and  the  aperture 
is  employed.  The  air  in  the  carboy  is  not  sucked, 
but  compressed  by  means  of  the  small  flexible  tube. 
(Figs.  126  and  127.) 

Thermometer. 

It  is  an  instrument  intended  for  ascertaining  the 
temperature  of  fluids  or  liquids  in  which  it  is  plunged. 
It  works  by  the  dilatation  of  the  mercury  or  colored 
alcohol  contained  in  a  bulb  of  thin  glass,  which  i» 
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attached  to  a  capillary  tube  deprived  of  air,  and  upon 
which  the  graduation  is  marked. 

The  scale  employed  in  this  work  is  the  Centigrade 
or  Celsius  one,  that  is  to  say,  where  the  0  is  the  point 
of  melting  ice,  and  100°  that  of  boiling  water. 


CHAPTER  LXIV. 


MIXTURES. 


RED  OR  MOULIT — ^YELLOW  OR  MOULIT — ^DEAD  LUSTBB 
FOR  JEWELRY — DEAD  LUSTRE  (hARD)  FOR  OLOGKS 
—DEAD  LUSTRE  (sOFT)  FO^l  SMOOTH  SURFACES 
AKD  FIGURES— GREEN  FOR  RED  LUSTRE — ^WAX  FOR 
GILDING. 

Mixtures. 

After  havincc  enumerated  the  principal  chemical 
produou,  ap;Zu,,  »nd  iostnnnel  employed  in  .or 
art,  there  remains  for  us  to  give  the  formulsB  of  certsdn 
mixtures  employed  in  gilding  by  fire  or  by  the  wet 
processes. 


BED  OB  HOULU 

Is  composed  of— 

Exact  numben. 

Without  odd  numb«n 

Potassa  alum 

.     28.4 

30 

Nitrate  of  potassa 

.     31.6 

30 

Sulphate  of  zinc   • 

.      8 

8 

Common  salt 

.      3.5 

3 

Bed  ochre     • 

.    27.6 

28 

Sulphate  of  iron    • 

.      1 

1 

100.0 


100 
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We  may  add  to  it  a  small  proportion  of  annotto, 
madder,  cochineal,  or  other  coloring  matter,  ground 
in  water  or  in  weak  vinegar. 


All  the  salts  are  melted  in  their  water  of  crystalli- 
zation ;  and  if  the  gilding  be  strong  and  durable,  a 
small  proportion  of  common  salt  may  be  added. 

DEAD  LUSTRE  (HARD)  FOR  CLOCKS. 

Bzaot  nnmbtrs.        Without  odd  nambers. 


Water 5 


Nitrate  of  potassa 
Potassa  alum 
Common  salt 
Pulverized  glass  and  sul- 
phate of  lime    . 


86.62 
42.05 
12.83 


5 
37 
42 
12 


100.00  100 

The  whole  is  thoroughly  ground  and  mixed. 

DEAD  LUSTRE  (SOTT)  FOR  SMOOTH  SURFACES  AND  FIGURES. 

EzMt  numbers.        Withoot  odd  nambara. 

Water 5  6 

Nitrate  of  potassa        .        .  46.82  46 

Potassa  slum        «        .        .  45.82  46 

Common  salt        •        .        •  2.86  8 


TF^LLOW  OR  M01JLU. 

Ezmot  nnmben.        Without  odd  numbers. 

Red  ochre     .        •        .        .    16.5                         17 

Potassa  alum 

.    50.9 

50 

Sulphate  of  zmo  . 
Common  salt 

.    10.5 
.      2.1 

10 
3 

Nitrate  of  potassa 

.    20 

20 
100 

• 

100.0 

DEAD  LUSTRE  FOR  JEWELRT. 

Sulphate  of  iron 
Sulphate  of  zinc 
Potassa  alum 

•  • 

•  • 

•  • 

i 

f 

>■  Equal  parts  of  each. 

Nitrate  of  potassa 

•        • 

100.00 


100 
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The  same  treatment  as  the  preceding  mixture. 

OBEEN  FOB  BED  LUSTRE. 

EzAot  numben.        Withont  odd  numbeis. 

Bitartrate  of  potassa   •        .    65.7  65 

Common  salt         ...    25  25 

Acetate  of  copper         •        .      9.3  10 

100.0  100 

The  whole  is  ground  together. 

WAX  FOB  GILDING. 

on 25 

Yellow  wax 25 

Acetate  of  copper 13 

Bed  ochre  or  sanguine 3T 

100 

The  whole  is  melted,  and  kept  stirred  until  cold. 


CHAPTER  LXV. 

OF  GENERAL  USEFULNESS. 
ANTIDOTES  AND  HYGIENE  OF  THE  WOBKSHOP. 

We  have  seen  that  the  majority  of  the  chemical 
products  employed  in  our  art  are  very  poisonous,  or 
at  least  unhealthy.  It  is  therefore  our  duty,  after 
leaving  pointed  out  the  dangerous  substances,  to  fur- 
nish the  means  of  neutralizing  their  effects,  either 
entirely,  or  at  least  sufficiently  so  to  await  the  com- 
ing of  the  professional  doctor. 

We  shall  also  state  the  precautions  which  the 
operator  should  take  for  ayoiding  the  effects  of  the 
noxious  gases  and  vapors  which  often  surround  him. 
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Poisons  may  be  introduced  into  the  animal  system 
in  three  diflferent  ways : — 

1.  Through  the  organs  of  respiration  when  they 
are  gaseous,  or  in  vapors,  or  in  powders  sufficiently 
light  to  float  in  the  atmosphere ; 

2.  By  endermic  absorption^  that  is,  when  in  contact 
with  the  skin,  they  may  be  more  or  less  rapidly  ab- 
sorbed; 

3.  By  deglutition,  when  they  are  introduced  into 
the  stomach  either  as  liquids  or  solid^. 

Although  each  poison  has  a  peculiar  mode  of  ac- 
tion, we  may  place  in  four  categories  those  which  now 
occupy  our  attention. 

Those  of  the  first  category  corrode  and  disorganize 
the  tissues  with  which  they  are  in  contact ;  and  such 
are  the  concentrated  acids  and  alkalies,  and  also  cer- 
tain metallic  or  organic  salts. 

The  second  category  comprises  those  which  are 
without  immediate  action  upon  the  organs,  but  be- 
come dangerous  when  they  have  passed  into  the  cir- 
culation; such  are  diluted  acids  and  alkalies,  and 
many  substances  of  animal  or  vegetable  origin. 

The  poisons  of  the  third  category  seem  to  attack 
certain  particular  organs,  for  instance,  the  brain,  the 
spinal  marrow,  or  the  heart,  etc. ;  such  are  the  cya- 
nogen compounds. 

The  fourth  category  is  composed  of  those  which 
act  more  or  less  rapidly  and  powerfiiUy  upon  the 
bronchia  and  lungs,  and  produce  suffocation  or 
asphyxia;  such  are  certain  deleterious  gases,  like 
chlorine,  sulphuretted  hydrogen,  sulphurous  acid, 
ammonia,  etc. 

We  shall  now  examine  those  poisons  to  which  the 
operator  in  our  art  is  the  most  exposed. 
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Poisoning  hy  Acids. 

All  the  powerful  acids,  with  the  exception  of  hy- 
drocyanic (prussic)  acid,  operate  nearly  in  the  same 
manner.  Their  action  is  the  more  energetic  as  they 
are  more  concentrated. 

We  should  not  forget  that,  when  very  diluted, 
these  substances  lose  their  poisonous  properties ; 
WATER,  therefore,  in  the  greatest  abundance  will  be 
the  first  thing  to  give.  Tepid  water  and  distilled 
water  will  a<5t  as  emetics,  and  should  be  preferred  if 
they  are  at  hand.  Milk  and  the  white  of  eggs,  which 
coagulate  with  the  acids  and  partly  neutralize  them, 
may  be  successfully  employed ;  but  nothing  is  better 
than  CALCINED  magnesia,  or  the  carbonate  of  this 
base,  which  may  be  introduced  into  the  stomach  with- 
out danger,  and  will  completely  neutralize  the  acids, 
forming  with  them  purgative  salts.  In  the  absence 
of  magnesia,  we  will  use  chalk  or  Spanish  white  made 
into  a  paste  with  water,  or  even  soap  water.  Even 
egg-shells  may  be  employed.  It  should  be  well  under- 
stood that  in  this,  and  any  other  case,  the  remainder 
of  the  treatment  should  be  continued  by  a  regular 
doctor. 

Poisoning  hy  Hydrocyanic  (Prussic)  Add,  Oyanogenj 

or  Cyanides. 

If  hydrocyanic  acid  or  cyanides  be  concentrated  or 
absorbed  in  large  proportions,  their  action  is  as  rapid 
as  lightning,  and  there  is  little  hope  of  saving  the 
victim,  although  everything  should  be  tried. 

But,  if  these  substances  be  diluted,  and  allow  of 
time  for  remedying  them,  we  may  say  that  the  dan- 
ger is  in  inverse  ratio  with  the  length  of  time  past 
since  they  were  absorbed. 


POISONING  BY  MEB 

In  this  kind  of  poisoning,  t 
should  be  run  upon  the  hea< 
patient,  and  he  should  be  ms 
and  moderately,  chlorine  gas,  c 
powder,  or  Javel  water  (hypoi 

Should  these  poisons  be 
stoniach,  we  should  adminisi 
the  hydrate  of  eesquioxide  of 
diluted  solutions  of  the  acetat 
iron.  "With  proper  precautio 
tion  of  sulphate  of  zinc  may  1 

Poisoning  hy  . 
"We  should  use  weak  acids, 
juice,  etc.,  and,  in  their  absenc 
ric,  or  nitric  acid  diluted  to  th 
After  the  pain  in  the  stomac 
it  is  well  to  give  a  few  spoonl 

PoisoniTig  "by  moat  1 
An  abundance  of  water,  ar 
VOMIT  when  practicable.  Mi 
are  very  good,  but  far  inferior 
natural  sulphurous  waters,  1 
Fulna,  or  Enghien.  The  sulp 
and  sulphuretted  hydrogen  co: 
transform  into  insoluble  sulpl 
rarily  inert,  most  of  the  metal 
be  administered  as  long  as  th 
any  of  the  poison  is  still  retail 

Poisoning  iy  Me, 

Mercury    salts,    and    parti 

(corrosive  sublimate),  form  ^ 
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(albumen)  a  compound  entirely  insoluble  and  inert. 
The  remedy  is  therefore  indicated.  Sulphur  and  sul- 
phuretted water  are  also  convenient  for  the  purpose. 

Poisoning  hy  Lead  Salts. 

Besides  sulphur  and  sulphuretted  waters,  we  may 
also  employ  a  lemonade  of  sulphuric  acid,  or  an  alka- 
line solution  holding  gaseous  carbonic  acid,  such  as 
Yichy  water.    Bicarbonate  of  soda  is  good. 

« 
Poisoning  hy  Hydrosulphuric  Acid  (^Sulphuretted 

Hydrogen). 

The  patient  should  be  made  to  inhale  carefully 
chlorine  water,  Javel  water,  or  bleaching  powder. 
Energetic  friction,  especially  at  the  extremities  of 
the  limbs.  Large  quantities  of  warm  and  emollient 
drinks.  Exposure  in  the  open  air  from  the  begin* 
ning. 

Pinsoaing  hy  Chlorine^  Sulphurous  Add^  Citrous  and 

Syponitric  Gases. 

A  great  deal  of  fresh  aib,  and  light  inspirations 
of  ammonia.  An  abundance  of  hot  drinks.  Friction, 
in  order  to  preserve  the  heat  alid  perspiration  of  the 
skin.  Hot  foot-baths,  to  remove  the  blood  from  the 
lungs.  Afterwards  maintain  in  the  mouth  of  the 
patient  some  substance  which,  melting  slowly,  keeps 
the  throat  moist,  such  as  jujube  and  marshmallow 
paste,  molasses  candy,  and  liquorice  paste.  Milk  is 
excellent. 

"We  wish  to  have  it  well  understood,  that  we  do 
not  pretend  to  take  the  place  of  a  regular  professional 
doctor,  and  that  we  have  simply  stated  the  first  cares 
and  remedies  to  be  taken  in  urgent  cases.    liTone  of 
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these  precautions,  no  matter  what  be  the  results  ob- 
tained, should  dispense  with  the  care  of  the  doctor, 
who  alone  will  be  able  fully  to  counteract  the  shock 
produced  by  the  poison  in  the  vital  system. 


HYGIENE  OP  THE  WORKSHOP. 

The  operator  who  is  constantly  exposed  to  the 
action  of  acid  gases  or  vapors  will  more  or  less  neu- 
tralize their  effects  by  alkaliilff  drinks,  as  Vichy  water 
or  a  decoction  of  liquorice  root,  with  a  spoonful  of 
magnesia  or  bicarbonate  of  soda  per  litre  of  liquor. 
The  enamel  of  his  teeth  will  be  preserved  by  eating 
now  and  then  a  little  of  these  alkalies. 

The  cyanide  solutions  occasion  by  their  contact 
with  the  hands  very  painful  crevices,  which  are  felt 
from  the  finger  nails  to  the  shoulders.  The  remedy 
is  a  wash  of  very  dilute  sulphuric  acid,  or  a  solution 
of  sulphate  of  zinc.  But  what  is  preferable  is  fric- 
tion with  a  kind  of  pomatum  made  by  beating  some 
fat  oil  with  an  excess  of  lime-water.  This  lime- 
water  is  prepared  by  slaking  in  one  litre  of  water 
one  piece  of  quick-lime  of  the  size  of  a  walnut,  stir- 
ring, and  decanting  the  clear  liquid. 

Mercury  gilders  will,  every  morning  before  their 
work,  take  a  spoonful  of  a  mixture  of  equal  parts  of 
sulphur  and  honey.  They  will  also  drink  sulphu- 
retted waters.  Alternate  Bareges  and  vapor-baths 
will  be  highly  beneficial.  These  gilders  should  well 
understand  that  prevention  is  much  better  than  cure. 

This  same  treatment  is  equally  well  adapted  to 
those  who  polish  copper,  who  should  also  dip  their 
hands  into  a  concentrated  solution  of  chloride  of  cal- 
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cium.  This  salt,  which  keeps  the  hands  moist,  pre- 
vents the  absorption  of  oil  saturated  with  copper. 
Every  evening  they  may  use  a  wash  of  water  holding 
some  ammonia. 

Fresh  gold  and  silver  stains  on  the  skin  are  removed 
by  solutions  of  sulphite  or  hyposulphite  of  soda,  or 
with  those  of  the  iodide,  bromide,  and  cyanide  of  po- 
tassium. Old  stains  require  a  first  washing  witb 
concentrated  acetic  acid,  followed  by  one  in  cyanide 
of  potassium. 

Clothes  stained  with  Ibids  (except  nitric  acid)  will 
have  nearly  always  their  primitive  color  restored  by 
a  diluted  solution  of  ammonia,  or  of  carbonate  of 
ammonia.  Should  concentrated  ammonia  be  put 
upon  a  recent  stain  of  a  concentrated  acid,  the  heat 
produced  by  the  reaction  will  be  sufficient  to  com- 
pletely disorganize  the  tissue,  and  produce  a  hole. 


APPENDIX. 


TH^  METBIC  SYSTEM  OP  WEIGHTS  AND  MEASDEB 

The  United  States  being  the  first  to  iDtrodnce  the  dei 
system  into  the  coinage  of  the  country,  and  to  demonstra 
superior  utility,  it  is  remarkable  that  we  have  hesitated  so 
in  regard  to  the  substitution  of  the  same  aimple  and  rat 
system  of  weights  and  measures  for  the  complicated  and 
fused  standards  in  general  use. 

In  May,  1866,  the  Committee  on  Coinage,  Weights,  and 
sures  presented  to  the  House  of  Bepreaentatirea  an  exhau 
report,  accompanied  by  bills  authorizing  the  introducti( 
the  metric  system  into  the  various  departments  of  trade, 
making  all  contracts,  based  on  this  system  of  weights 
measures,  valid  before  any  court  in  the  United  States.  ' 
said: — 

"THK  MBTBIC  STHTBlt. 

"  It  is  orderly,  simple,  and  perfectly  harmonious,  bavisg 
fal  relations  between  all  its  parts,  it  is  based  on  the  Hi 
which  is  the  principal  and  only  arbitrary  unit.  The  metei 
measure  of  length,  and  was  inteuded  to  be,  and  is,  very  ni 
one  ten-millionth  of  the  distance  on  the  earth's  surface 
the  equator  to  the  pole.    It  is  89.37  inches,  very  nearly. 

"niie  are  is  a  surface  equal  to  a  square  whose  side  i 
meters.     It  is  uearly  four  square  rods, 

"  The  liter  is  the  unit  for  measuring  capacity,  and  is  equ 
the  contents  of  a  cube  whose  edge  is  a  tenth  part  of  the  n 
It  is  a  little  more  than  a  wine  quart. 

"  The  gramme  is  the  unit  of  weight,  and  is  the  weight 
cube  of  water,  each  edge  of  the  cube  being  one  one-hundi 
of  the  meter.     It  is  equal  to  16.482  grains. 

"  The  atere  is  the  cubic  meter. 

"  Each  of  these  units  is  divided  decimallv,  and  larger  < 
are  formed  by  multiples  of  10,  100,  &c.  The  successive 
tiples  are  designated  by  the  preBxea,  deka,  kecio,  kilo,  and  m 
the  Bubordinatfl  parts  by  deci,  centi,  and  milli,  each  havin 
own  numerical'significance. 

"The  nomenclature,  simple  as  it  is  in  theory,  and  desi 
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from  its  origin  to  be  universal,  can  only  become  familiar  bj 
nse.  Like  all  strange  words,  these  will  become  &miliar  by 
custom,  and  obtain  popular  abbreviations.  A  system  which 
has  incorporated  with  itself  so  many  different  series  of  weights, 
and  such  a  nomenclature  as  'scruples,'  'pennyweights,'  'avoir- 
dupois/ and  with  no  invariable  component  word,  can  hardly 
protest  against  a  nomenclature  whose  leading  characteristic  is  a 
short  component  word  with  a  prefix  signifying  number.  We 
are  all  familiar  with  thermometer^  barometer^  diameter,  gasometer^ 
&C.,  with  telegram^  monogram^  &c^  words  formed  in  the  same 
manner. 

''  After  considering  every  argument  for  a  change  of  nomen- 
clature, your  committee  have  come  to  the  conclusion  that  any 
attempt  to  conform  it  to  that  in  present  use  would  lead  to  con- 
fusion of  weights  and  measures,  would  violate  the  early  learned 
order  and  simplicity  of  metric  denomination,  and  would  seri- 
ously interfere  with  that  universality  of  system  so  essential  to 
international  and  commercial  convenience. 

*'  When  it  is  remembered  that  of  the  value  of  our  exports 
and  imports,  in  the  year  ending  June  SO,  I860,  in  all  $762,000,000, 
the  amount  of  near  $700,000,000  was  with  nations  and  their  de- 
pendencies that  have  now  authorized,  or  taken  the  preliminary 
steps  to  authorize,  the  metric  system,  even  denominational  uni- 
formity for  the  use  of  accountants  in  such  vast  transactions 
assumes  an  important  significance.  In  words  of  such  universal 
employment,  each  word  should  represent  the  identical  thing  in- 
tended, and  no  other,  and  the  law  of  association  fiamiliarizes  it 

''Your  committee  unanimously  recommend  the  passage  of 

the  bills  and  joint  resolutions  appended  to  this  report. 

The  metric  system  is  already  used  in  some  arts  and  trades  in 
this  country,  and  is  especially  adapted  to  the  wants  of  others. 
Some  of  its  measures  are  already  manufactured  at  Bangor,  in 
Maine,  to  meet  an  existing  demand  at  home  and  abroad*  The 
manufacturers  of  the  well-known  Fairbanks'  scales  state :  '  For 
many  years  we  have  had  a  large  export  demand  for  our  scales 
with  French  weights,  and  the  demand  and  sale  are  constantly 
increasing.'  Its  minute  and  exact  divisions  specially  adapt  il 
to  the  use  of  chemists,  apothecaries,  the  finer  operations  of  the 
artisan  and  to  all  scientific  objects.  It  has  always  been  and  is 
now  used  in  the  United  States  coast  survey.  Yet  in  some  of 
the  States,  owing  to  the  phraseology  of  their  laws,  it  would  be 
a  direct  violation  of  them  to  use  it  in  the  business  transactions  of 
the  community.  It  is,  therefore,  very  important  to  legalize  its  use, 
and  to  give  to  the  people,  or  that  portion  of  them  desiring  it,  the 
opportunity  for  its  legal  employment,  while  the  knowledge  of 
its  characteristics  will  be  thus  diffused  among  men," 
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RELATIVE  VALUES  OP  FRENCH  AND  ENQLISH  WEIGHTS 

AND  MEASURES,  &o. 


Measures  of  Length. 

1 

HillimetrB 

«         0.03937 

inch. 

Centimetre 

«Bt         0.393708 

(C 

Dedmetre 

n         3.937079 

inches* 

Metre 

wm       89.37079 

t( 

(1 

e         3.2808992 

feet. 

(1 

tt         1.093633 

yard. 

Decametre 

a       32.808992 

feet. 

Hectometre 

»     328.08992 

It 

Kilometre 

a    3280.8992 

M 

u 

B    1093.633 

yards. 

Myriametre 

B  10936.33 

4< 

u 

«         6.2138 

miles. 

Inch  (^  yard) 

»         2.539954 

centimetres. 

Foot  ii  yard) 

«         3.0479449 

decimetres. 

Yard 

a         0.91438348  metre. 

Fathom  (2  yards) 

a         1.82876696 

Pole  or  perch  (5}  yards)  a         5.029109 

metres. 

Fnrlong  (220  yards) 

a     201.16437 

M 

Mile  (1760  yards) 

a    1609.3149 

It 

Nautical  mile 

a    1852 

M 
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Superfloial  Measures. 


Sqaan 

1  millimetre 

■■ 

lb          ' 

Bqaare 

inch. 

It 

44 

B 

0.00165 

44 

44 

i« 

centimetre 

sa 

0.155006 

M 

44 

«< 

decimetre 

tts 

15.50059 

U 

inches. 

M 

44 

» 

0.107643 

44 

foot. 

44 

metre  or  centiaf«  a* 

1650.05989 

41 

inches.' 

4« 

44 

«4 

B 

10.764299 

«4 

feet. 

4« 

U 

M 

BS 

1.196033 

•4 

yard 

Are 

es 

1076.4299 

<4 

feet. 

44 

B 

119.6033 

(4 

yards. 

44 

s 

0.098845  rood. 

Hectare 

as 

11960.3326 

sqaare  yards. 

41 

■B 

2.471143 

acres. 

Square  inch 

• 

645.109201 

sqaare  millimetres. 

44 

44 

B 

6.451367 

44 

centimetres 

44 

foot 

BBS 

9.289968 

44 

decimetres. 

44 

yard 

BS 

0.836097 

44 

metre. 

41 

rod  or 

perch 

aa 

25.291939 

M 

metres. 

Rood  (1210  iiq 

.  yards) 

8B 

10.116775 

ares. 

Acre  (4840  Bq. 

yards) 

a 

0.404671  hectare. 

Measures  of  Capao|^ty. 


Cnbio  millimetre 

centimetre  or  millilitre 
centimetres  or  centilitre 
"  decilitre 


0.000061027  cubic  inch. 


44 


44 


44 


10 
100 
1000  " 

44  41 


44 


44 


44 


44 


"  litre 

41        44 


14 


41 


4i         44 

Decalitre 

41 

Hectolitre 

44 

Cubic  metre  or  store  or  kilolitre 

44  t4  44 


Myrialitre 


0.061027 

44            44 

0.61027 

14            44 

6.102705 

"  inches. 

61.0270515 

((             44 

1.760773 

imp'l  pint. 

0.2200967 

"     garn. 

610.270515 

cubic  inches. 

2.2009668 

imp.  gal'ns. 

3.531658 

cubic  feet. 

22.009668 

imp.  gal'ns. 

1.80802 

cubic  yard. 

35.3165807 

"     feet. 

363.1i:6i>07 

M             ti 
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—  18.386176       ei 
~   2e.31{>S12 

—  O.TB4ei3423 


American  MeaanreR. 

WinohMterorD.B.«allan(St31  oab.in.)        »       3.T8B 

"  "    biiili*l(2160.42oub.in.)=     35.231 

Cbaldron  (S7.25  onbio  bet)  -=  I621.08S 

British  Imperial  Measures. 

QiU  —    0.14iB83  111 

Pint  <i  gftllon)  M   0.&6Te32 

Qiurt  (i  galloD)  —    l.I3Sa64  ■ 
Imperial  e*lUm  (377.2738  oab.  In.)  —   4.M34S7BT  lit 

Peak  (2  galloni)  —    S.0Sfl»l&9  ' 

Bnihel  (8  gftlloni)  k- 36.347664  ' 

Back  <3  bnsheU)  s    1.09043  hi 

Qaarter  (S  biubeU)  »    2.907813  b( 

Chaldron  (12  taohi)  ■■  13.08616 


Weights. 

HllllBnmm« 
CantlpamnM 
Deoignunna 
Qnmme 

z 

0.01G43S39B  Iny  grain. 
0.1643839B     "        « 
l.M3(i399       «       " 
16.4S839S         "    grains. 

u 

z 

0.643 
0.0321633 

pennyweigl 
01.  troy. 

D«c*gnunms 

2 

D.D3&2889 
lB4.3e39S 
B.64 

01.  a*olrdn] 
troy  gralDB. 
drsehmaar. 

Ellogramma 

z 

8.21633 
3.52889 
2.6803 
2.20B486 

ot.  troy. 
oi.  aTtdrdn) 
Iba.  troy. 
Ita.  avolrdi 

" 

26.603 
22.05486 

Iba.  troy. 
Iba.  aTolrdv 

Qnlntal  metriqne  — 

lOftkUog.  »    220.B48Slbt.aTol 
lOM  kllog.  —  Z30E.486     " 

II 
II 
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Different  Aiithon  gire  the  following  Talaes  for  the  gramme  :— 

Gramme  ^  15.44402    tro/  grains* 
"  —  15.44242  " 

'<  B  15.4402  « 

«'  mm  15.433159  " 

•*         mm  15.43234874      ** 

AYOIRDtJPOIS. 

Long  ton  s  20  owl.  ma  2240  lbs.  a  1015.649  kilogrammes. 

Short  ton  (2000  lbs.)  as  906.8296 

Hnudred  weight  (112  lbs.)  »     50.78245 

Quarter  (28  lbs.)  >-      12.6956144         « 

PoQDd  ss  16  OS.  BB  7000  grs.  tm  453.4148  grammes. 
Ounce  s*  16  dr'ms.  =  437.5  grs.  =     28.3375  " 

Drachm  aBi  27.344  grains  ■■       1.77108  gramme* 

TROT  (PRBCIOUS  XRAIS). 

Pound  as  12  OS.  SB  5760  grs.  ^  373.096  grammes. 

Ounce  =  20  dwt.  =:  480  grs.  n  31.0913               ** 

Pennyweight  ■■  24  grs.  ■■       1.55457  gramme. 

Grain  «       0.064778          ** 

APOTHECARIES'  (pbabmact). 

Ounce  sa  8  drachms  sk  480  grs.  »■     81.0913       gramme. 
Drachm  a  3  scruples  ■■  60  grs.   9b       8.8869  ** 

Scruple  =r  20  grs.  a       1.29546     grsmme. 

CARAT  WEIGHT  FOR  DIAMONDS. 

1  carat «  4  carat  grains  »*  64  carat  parts. 

*'        at  3.2     troj  grains. 

«        ■■  3,273  «*        « 

««       «  0.207264  gramme 

••       « 0.212  •« 

"        a  0.205  •« 

Great  diversitjr  In  ralne. 
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Proposed  Symbols  for  Abbreviations. 


M-tnyria  —  10000 

Urn 

Mg 

HI 

K— kilo      ^    1000 

Km 

Kl 

H-hecto  —      100 

Hm 

Hg 

Ul 

Hft 

D—deoft     —        10 

Dm 

Di 

M 

Da 

Unit            —         1 

litre— 1 

0— contl     —  0.01 

am 

m-naUl  —  0.001 

mm 

mg 

ml 

3  EUometra.  BI  k=  H«ctolitT«.  og  ==  Mntigrammn. 
;  cm'  ^  oabic  oentimelre.  du*  ■=  ■<]•  dm  ^  square  deci- 
Kgm  ^  Kilogrammelre.     Eg"  =  Eilogramme  degree. 


Ol^. 

or  Cotlgmd^ 

Fibrcuball. 

Bti 

<>»»■ 

—  1!" 

-     6» 

-  12° 

—  JO 

- 

-  14 

—     8 

_  s 

-  23 

—    4 

0  melUag 

-  32 

loe         0 

-     G 

r  ■ll 

r     4 

-  10 

V  60 

-    8 

r  16 

.  69 

r  13 

-  20 

.  68 

■  16 

-  2S 

.77 

.20 

h  30 

H  86 

■  24 

-  35 

.  SS 

.28 

-  40 

.114 

■  32 

h  45 

113 

.  36 

50 

■122 

h  40 

.  56 

.131 

■ 

h  44 

h  ao 

140 

h  48 

h  65 

■149 

- 

V  52 

■  70 

■168 

V  56 

■  75 

.167 

h  60 

■  80 

■176 

.  64 

■  85 

■18S 

■  63 

■  BO 

■194 

■  72 

'  95 

-203 

- 

h  78 

-100  boiling 

■212 

water  ■ 

,-  80 

■;!00 

■392 

hltiO 

•300 

■572 

(-240 

-400 

■7.12 

■320 

htoo 

■932 

■400 
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1®  C.  ==  1°.8  Ft.  =  {«>  Ft. 
1°  C.  X  I  =  1°  Ft.  V  Ft.  X  J  ' 
1°  C.  X  I  =  1**  R.        1**  Ft.  X  4  « 


a  0«.3  R.  =  !*»  R. 
l**  C.   •  1«  R.  X  f 
!<»  R.      1«  R.  X  f 


=r  Ft. 


Calorie  (French)  bi  unit  of  heat 


Bs  unit  01  neat  -t 

=  kilogramme  degree  /      ^ 
It  is  the  quantity  of  heat  necessary  to  raise  1°  C.  the  tempera- 
ture of  1  kilogramme  of  distilled  water. 

Kilogrammetre  =  Kgm  ss  the  power  neoessarj  to  raise  1  kilo- 
gramme, 1  metre  high,  in  one  second.  It  is  equal  to  -^^  of  a 
French  horse  power.  An  English  horse  power  =  550  foot  pounds, 
while  a  French  horse  power  ss  542.7  foot  pounds. 

Ready-made  Caloulations. 


Ko. 

of 

Inches  to 

Feet  to 

Tftrds  to 

Miles  to 

MIlllmetrM 

units. 

centimetres. 

metres. 

metres. 

Kilometres. 

to  inches. 

1 

2.53995 

0.3047945 

0.91438348 

1.6093 

0.03937079 

2 

5.0799 

0.6095890 

1.82876696 

3.2186 

0.07874158 

3 

7.6199 

0.9143835 

2.74315044 

4.8279 

0.11811237 

4 

10.1598 

1.2197680 

3.65753392 

6.4373 

0.15748316 

5 

12.6998 

1.5239724 

4.57191740 

8.0466 

0.19685395 

6 

15.2397 

1.8287669 

5.48630088 

9.6559 

0.23622474 

7 

17.7797 

2.1335614 

6.40068436 

11.2652 

0.27559553 

8 

20.3196 

2.4383559 

7.31506784 

12.8745 

0.31496632 

9 

22.8596 

2.7431504 

8.22945132 

14.4838 

0.354.33711 

10     25.3995 

3.0479450 

9.14383480 

16.0930 

0.39370790 

• 

No. 

Centimetres 

Metres  to   • 

Metres  to 

Kilometres 

Square  inches 

of 

to  inches. 

feet. 

ysrds. 

to  miles. 

to  fqnare 

units. 

centimetres. 

1 

0.3937079 

3.2808992 

1.093633 

0.6213824 

6.45136 

2 

0.7874158 

6.5617984 

2.187266 

1.2427648 

12.90272 

3 

1.1811237 

9.8426976 

3.280899 

1.8641472 

19.35408 

4 

1.5748316 

13.1235968 

4.374532 

2.4855296 

25.80544 

5  '  1.9685395 

16.4044960 

5.468165 

3.1069120 

32.25680 

6  !  2.3622474 

19.6853952 

6.561798 

3.7282944 

38.70816 

7  '  2.7559553  22.9662944 

7.655431 

4.3496768 

45.15952 

8 

3.1496632  26.2471936 

8.749064 

4.9710592 

51.6108S 

9     3.5433711  |29.5280928 

9.842697 

5.5934416 

58.06224 

10     3.9370790  32.8089920 

10.936330  !  6.2138240 

1 

64.51360 
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ITo. 

Square  feet  to 

Sq.  jards  to 

Acres  to 

Square 

Sq.  metres 

of 

sq.  metres. 

sq.  metret. 

hectares. 

centimetres 

to  sq.  feet. 

wiits. 

to  sq.  Inches. 

1 

0.0929 

0.836097 

0.404671 

0.155 

10.7643 

2 

0.1858 

1.672194 

0.809342 

0.310 

21.5286 

.  3 

0.2787 

2.508291 

1.204013 

0.465 

32.2929 

4 

0.3716 

<5.o44ooo 

1.618684 

0.620 

43.0672 

5 

0.4645 

4.180485 

2.023355 

0.775 

53.8215 

6 

0.5574 

5.016582 

2.428026 

0.930 

64.5858 

7 

0.6503 

5.852679 

2.832697 

1.085 

75.3501 

8 

0.7432 

6.688776 

3.237368 

1.240 

86.1144 

9 

0.8361 

7.624873 

3.642039 

1.395 

96.8787 

10 

0.9290 

8.360970 

4.046710 

1.550 

107.6430 

Sqnare  metres 
to  sq.  yards. 


1.196033 
2.392066 
3.588099 
4.784132 
5.980165 
7.176198 
8.372231 
9.568264 
10.764297 
11.960330 


Hectares 
to  acres. 


2.471143 

4.942286 

7.413429 

9.884572 

12.355715 

14.826858 

17.298001 

19.769144 

22.240287 

24.711430 


Cnbie  inches 

to  cable 
centimetres. 


16.3855 

32.7710 

49.1565 

65.5420 

81.9275 

98.3130 

114.6985 

131.0840 

147.4695 

163.8550 


Cable  feet  to 
eabio  metres. 


0.02831 
0.05662 
0.08494 
0.11325 
0.14157 
0.16988 
0.19819 
0.22651 
0.25482 
0.28315 


Cabie  yards 
to  cubic 
metres. 


0.76451 
1.52902 
2.29354 
3.05805 
3.82257 
4.58708 
5.35159 
6.11611 
6.88062 
7.64513 


Ho. 

Cnbie 

Litres  to 

Hectolitres  to 

Cable  metres 

Cnbio  metres 

of 

centimetres  to 

cable  inches. 

cable  feet. 

to  cabic  feet. 

to  cable 

units. 

cable  Inches. 

yards. 

1 

0.06102 

61.02705 

3.5317 

35.31659 

1.30802 

2 

0.12205 

122.05410 

7.0634 

70.63318 

2.61604 

3 

0.18308 

183.08115 

10.5951 

105.94977 

3.92406 

4 

0.24411 

244.10820 

14.1268 

141.26636 

5.23208 

6 

0.30614 

305.13525 

17.6585 

176.58295 

6.54010 

6 

0.36617 

366.16230 

21.1902 

211.89954 

7.84812 

7 

0.42720 

427.18935 

24.7219 

247.21613 

9.15614 

8 

0.48823 

488.21640 

28.2536 

282.53272 

10.46416 

9 

0.54926 

549.24345 

31.7853 

317.84931 

11.77218 

10 

0.61027 

610.27050 

35.3166 

353.16590 

13.08020 
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No. 

Grains 

Ounces  avoir. 

Oanees  troy 

Ponnds  aroir. 

Ponnds  inj 

of 

to  grammes. 

to  grammes. 

to  grammes. 

to 

to 

units. 

kilogrammes,  kilogrammes. 

1 

0.064773 

28.3375 

31.0913 

0.4534148 

0.373096 

2 

0.129546 

56.6750 

62.1826 

0.9068296 

0.746192 

3 

0.194319 

85.0125 

93.2739 

1.3602444 

1.119288 

4 

0.259092 

113.3500 

124.3652 

1.8136592 

1.492384 

5 

0.323865 

141.6871 

155.4565 

2.2670740 

1.865480 

6 

0.388638 

170.0250 

186.5478 

2.7204888 

2.238576 

7 

0.453411 

198.3625 

217.6391 

3.1739036 

2.611672 

8 

0.518184 

226.7000 

248.7304 

3.6273184 

2.984768 

9 

0.682957 

255.0375 

279.8217 

4.0807332 

3.357864 

10 

0.647730 

283.3750 

310.9130 

4.5341480 

3.730960 

No. 

of 

vnits. 

Ponods  per 
Long  tons  to  aqnare  incli  to 
tonnes  of  1000  kilogrammes 
kilog.           per  square 

centimetre. 

Grammes  to 
grains. 

Grammes  to 
ounces  aroir. 

Grammes  to 
ounces  troy. 

1 

1.015649  i  0.0702774 

15.438395 

0.0352889 

0.0321633 

2 

2.031298  ;  0.1405548      30.876790 

0.0705778 

0.0643266 

3 

3.046947  i  0.2108322 

46.315185 

0.1058667 

0.0964899 

4 

4.062596  i  0.2811096 

61.753580 

0.1411556 

0.1286532 

6 

5.078245  '  0.3513870 

77.191975 

0.1764445 

0.1608165 

6 

6.093894  •  0.4216644 

92.630370 

0.21173.^ 

0.1929798 

7 

7.109543     0.4919418 

108.068765 

0.2470223 

0.2251431 

8 

8.125192     0.5622192 

123.507160 

0.2823112 

0.2573064 

9 

9.140841  i  0.6324966  i 

138.945555 

0.3176001 

0.2894697 

10 

10.156490     0.7027740  1 154.383950 

0.3528890 

0.3216330 

Ne. 

of 

units. 

Kilogrammes 

to  puands 
avoirdapols. 

Kilogrammes 

to  pounds 

troy. 

Metric  tonnoR 

of  1000  kilog 

to  long  tons  of 

2240  ponnds. 

Kilog.  per 
square  milli- 
metre to 

pounds  per 
pquare  Inch. 

Kilog.  per 
square  centi- 
metre to 

pounds  per 
square  inch. 

1 

2.205486 

2.6803 

0.9845919 

1422.52 

14.2252S 

2 

4.410972 

5.3606 

1.9691838 

2845.05 

28.45052 

•  3 

6.616458 

8.0409 

2.9537757 

4267.57 

42.67578 

4 

8.821944 

10.7212 

3.9383676 

5690.10 

56.90104 

6 

11.027430 

13.4015 

4.9229595 

7112.63 

71.12630 

6 

13.232916 

16.0818 

S.9U76514 

8535.15 

85.35156 

7 

15.438402 

18.7621 

6.8921433 

9957.68 

99.57682 

8 

17.643888 

21.4424 

7.8767352 

11380.20 

113.80208 

9 

19.849374 

24.1227 

8.8613271 

12802.73 

128.02734 

10 

22.054860 

26.8030 

9.8459190 

14225.26 

142.25260 

8 


Tc! 


S 
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ACETATE  of  copper,  88,  90,  95,  886, 
886 

of  lead,  380,  387 
Acetic  acid,  387 
Acid,  acetic,  887 

arsenious,  388 

baths,  315 

chloro-nitric,  395 

cblorhydric,  394 

fluoric,  896 

hydrochloric,  394 

hydrocyaDic,  891 

hydrofluoric,  396 

hydrosulphuric,  399 

hyponitric,  888 

muriatic,  894 

nitric,  889 

nitro-muriatic,  895 

nitrons,  388 

pyroligneous,  887 

stearic,  398 

sulphuric,  401 

sulphurous,  400 

tannic,  402 
Acids,  poisoning  by,  470 
Action,  bringing  batteries  into,  72 
Adams's  nickel  plating  patent,  280 
Adhering  galvanoplastic  deposits,  321 
Algiers  metal  56 
Alkalies,  cleansing  mnillechort,  with,  84 

poisoning  by,  471 
Alkaline  state  of  baths  of  gold  and 

silver,  365 
Alloys,  403-408 

of  copper  and  zinc,  imitation  of,  98 

of  lead,  tin,  etc.,  cleansing,  66 
Amalgamating  salt,  314,  443 

zinc,  71,  83 
Amalgam,  gilding  with,  188,  189 

gold,  138 
Amalgams,  408 


Amateurs,  simple  apparatus  for,  805 

Kilver  bath  for,  237 
Ammonia,  409 

phosphate  of,  439 

prussiate  of,  430 
Ammonium,  cyanide  of,  430 

gold  bath,  146 

sulphide,  448 
Ammoniuretof  gold,  147 
Anode,  87,  88,  89,  95,  96 

covered  with  a  brown  or  white  coat, 
96 
Anodes,  452 

observations  npon,  256 
Anoxyde,  117 
Antidotes,  468 
Antimony,  deposits  of,  282 
Antique  bronze,  879 
Apparatus,  381 

and  instruments,  452 

electro-magnetic,  80 

foi;*  gildiug  fine  wires,  177 
Aqua  fortis,  889 

and  soot,  dipping  in,  25 
blacking  by,  26 
choice  of,  for  dipping,  27 
for  a  bright  lustre,  28 
spent,  27 

regia,  395 
Archereau*s  modification  of  Bunsen's 

battery,  69,  77 
Areometers,  468 
Argentan,  406 
Argentine,  117 
Argentophile,  215 
Argols,  420 

Argyrometric  scale,  245-256 
Argyrometry,  289-244 
Arsenic,  388 
Arsenious  acid,  388 

in  the  brass  bath,  102 


i 


4 

A 
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Ashes,  utilization  of,  293 
Aurophile,  216 


BALLOONS  and  flasks,  456 
Baskets,  for  dipping,  24 
Basso-relieYos,  822 
Bath,  arrangement  of,  for  gilding  fine 

wire,  177 
disposition  of  the  pieces  in  the, 

816 
exhausted,  162 
for  copper-deposit,  88,  90 
for  dead  lustre  by  galyanoplastic 

deposit,  820 
for  tinning,  111,  118 
gold    dipping   with    bicarbonates, 

135 
overloaded,  with  salts,  96 
siWer,  for  amateurs,  287 
nngilding,  108,  200 
whitening,  80 
with  double  cyanide  of  gold  and 

potassium,  148 
with  gold  ammonium,  146 
with  prussiate  of  gold,  149 
Baths,  acid,  815 

cold  electro-gilding,  146,  148,  149 
disposition  of,   for  brass  plating, 

107 
for  brass  deposits,  98 
for  gilding  by  dipping,  119,  120 
for  hot  gilding,  154,  155,  159 
for  siWering  by  dipping,  216,  218, 

221,  228 
galvanoplastic,  298-801 
impoyerished,  158,  815 
of   gold  and    silver  for  gaWano- 

plastic,  866 
overloaded,  with  salts,  104 
required  by  the  galyanoplastic  art, 

295 
succession  of,  in  gilding,  125 
Battery,  Bunsen's,  67,  69,  77,  88 
Callaud's,  84,  85 
-chains,  Pulvermacher's,  88 
charge  of,  71 

copper  deposits  by,  on  iron,  86-90 
Daniell's,  61,  84 
Grenet's,  77 
Grove's,  76,  77 
Marie-Davy,  77 
modification  of  Smee's,  78 
not  always  necessary  in  electro- 
gilding,  144 
Pulvermacher's  chain  or,  81 
recommended  by  A.  Watt,  88 
Smee's,  77 
Volta»s,  78 
Wollaston's,  78,  88 


Batteries,  bringing  into  action,  72 

examinations   of,  before  bringing 

into  action,  73 
for  baths  of  gold  and  silver  for  gal- 
vanoplastic, 867 
galvanic,  95 

important  observations  on,  75 
keeping,  75 

keeping  in  order,  74,  812 
which  do  not  work  well,  72 
Bells  for  churches,  alloy  for,  405 
Benzine,  488 
Benzole,  488 

Berthoud,  E  ,  process  with  printing  rol- 
lers, 370-375 
Bibasio  phosphate,  441 
Biborate  of  soda,  420 
Bicarbonate,  gold  dipping  baths  with, 
135 
of  potassa,  418 
of  soda,  419 
Bichloride  of  platinum,  426 
Binding  together  substances,  821 
Binozalate  of  potassa,  419 
Bismuth,  deposits  of,  282 
Bisulphide  of  carbon,  450 

use  of  in  plating,  239 
Bisulphite  of  soda,  447 

for  cold  silvering,  221 
Bitartrate  of  potassa,  420 
Black  bronze,  880 
Blacking  by  aqua  fortis,  26 
Black  lead,  441 
Bladder  for  cells,  »11 
Blanzy,  Poure  &  Go's,  process  for  pol- 
ishing, 49 
Blue  copperas,  448 

vitriol,  448 
Boiling  pans,  456 
Boracic  acid,  390 
Borate  of  soda,  420 
Borax,  420 
Bottger's  process  for  depositing  zinc, 

285 
Boulogne  silver,  56 
Brass,  404,  405 

bath  for  zinc,  106 

for  iron  and  steel,  105 
baths,  formulsB  for,  100-108 
bath,  red  deposit  in,  107 

regulating  the  deposits  in,  104 
specific  gravity  of,  104 
uniformity  in,  106 
deposits,  97-108 
deposits,  heat  with,  98 
operations  of,  98 
on  bronze  composition,  97 
on  pewter,  108 

plating,  imitation  of,  by  dipping, 
108 
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Brass  plating — 

to  make  permanent,  107 
solders,  filling    gaWanoplastio  re- 
productions with,  862 
wire  for  scratch-brushes,  44 

of  Lyons  and  Germany,  100 
Brassing  baths,  chloride  of  tin  in,  108 
Bright  dead  lustre  in    gilding  watch 
parts,  166 
lustre,  aqua  fortis  for,  28 
by  mutual  friction,  47-50 
dipping  in  compound  acid  for, 
28 
Bringing  batteries  into  action,  72 
Britannia  metal,  56 

to  siWer,  236 
Bronze,  405 

antique,  879 
black,  880 
composition,  100 
brass  on,  97 
for  medals,  877,  878,  407 
for  ordnance,  407 
for  line,  878 
imitations  of,  829 
powders  or  bromines,  880 
shades  of,  54 
smoky,  878 
Bromines,  880 
Bronzing,  377 

on  brass,  98 
Brushes,  457 
calico,  46 
Bunsen's  battery,  67,  69,  77,  83 
Burnishing,  260-264 

instruments   employed   in,   261, 

262 
tools,  458 


CALCIUM,  cyanide  of,  480 
sulphide  of,  449 
Calico  brushes,  46, 
California  liquor,  215 
Califomiennes,  108 
Callaud's  battery,  84,  85 
Caoutchouc,  421 
Capsules,  458 
Carbon,  bisulphide  of,  450 

of  battery,  remoTing,  74 
Carbonate  of  copper,  95 
Casamayor,  P.,  84 
Cast  bronze,  22 
Cast  iron  cleansing,  66 

fountains,    and     candelabra, 
copper  deposit  upon,  829 

gilding,  57,  160 

siWering,  57 

tinning,  57 
Casts,  stearin  upon,  827,  828 


Cast  and  wrought  iron,  brass  solutions 

for,  108 
Caustic  lye  for  cleansing  iron  or  steel, 

58 
Cells,  porous,  460 

remoyal  of,  74 
Ceramic  articles,  metallization  of,  880 
Currents,  feeble  and  intense,  106 
Chablin,  M.   gaWanoplastic    processes 

of,  882 
Chandeliers,  gilding,  821 
Charge  of  battery,  71 
Chefs  d*QeuTre  of  gaWanoplastie,  829 
Chemical  products,  and  apparatus  used 
*      in  the  art,  881 
employed,  885 

synonymy,  881-885 
Chlorhydric  acid',  894 
Chloride  of  gold,  120,  121,  122,  128, 
424 

of  platinum,  426 

of  siWer,  422 

of  tin,  428 

in  brassing  baths,  108 

of  zinc,  428 
Chlorine,  895,  896 

poisoning  by,  472 
Christofle,  Chas.,  &  Co.,  208 
Christofle  &  Co.,  copper  solder  process, 

862 
Chrysocale,  407 
Cigar  cases,  gilding,  821 
Cleansing,  19-89 

apparatus,  85 

by  fire  or  by  alkalies,  20 

cast-iron,  56 

copper  articles,  158 
and  its  alloys,  20 

lead,  tin,  etc.,  56 

objects  for  brass  electroplating,  104 

processes  in,  84 

precautions  in,  84 

siWer,  80-89 

steel,  58 

wrought  iron,  58 

zinc,  58-56 
aocks,  gilding,  821 
Clogged  diaphragm  or  cell,  818 
Cloudy  gold  deposit,  820 
Cold  brass  bath  for  all  metals,  102 

electro-gilding  baths,  146, 148, 149 
done  sloi<ly,  152 

electroplating,  tanks  for,  108 

gilding,  145,  146 

baths.  Teasels  for,  150 
with  the  rag,  140 

siWering  by  rubbing,  212-215 
Colorations  of  electro-gilding,  162 
Colored  (electro- chromic)  rings,  288 

golds,  181 
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Coloring  gilt  articles,  127 
Color,  uniformity  in  brass  batb,  106 
Compound  acids  for  a  bright  lustre,  28, 
8:2 
for  a  dead  lustre,  81 
Conducting  wires,  458 
Copper,  acetate  of,  885,  886 

alloys,  404 

articles,  cleansing,  168 

dipped  in  compound  acids,  29 

bath  for,  88,  90 
^  with  zinc  anode,  107 

baths,  hot,  92 

preparation  of,  89,  90 

cyanide  of,  429 

-deposit  on  fountains  of  iron,  829 

•deposits,  85-97 

hydrocyanate  of,  429 

and  its  alloys,  cleansing,  20,  84 

anode  of  deposit  of,  817 

on  all  metals,  88 

on  cast-iron,  90,  829,  880 

on  crystal  vases,  831 

on  tin,  caHt-iron,  or  zinc,  90 

on  zinc,  90 

prussiate  of,  429 

salts,  extraction  of,  292 
of,  86,  88,  90,  95 

solder,  filling  gaWanoplastic  repro- 
ductions with,  302 

sulphate  of,  86,  87,  448 
Coppered  articles  to  be  siWered,  97 
Coppering  silver  articles  to  be  gilt,  96 
Cream  tartar,  420 
Crucibles,  460 
Crystal,  deposits  on,  824 

gilding,  138 

yases,  copper  on,  881 
Crystals  of  Venus,  885 
Cyanide  of  ammonium,  480 

of  calcium,  480 

of  gold,  149,  431 

and  potassium  bath,  148 

of  copper,  05,  429 

of  potassium,   88,   89,  226,  431, 
432,  434 
for  brass  baths,  100 

of  zinc,  428,  437 
Cyanides,  poisoning  by,  470 
Cyanoferride  of  potassium,  486 
Cyanogen,  poisoning  by,  470 


DAGUERREOTYPES,    galranoplastic 
copies  of,  822 
Daniell's  battery,  61,  84 
Darcet,  fusible  alloys  of,  404 
Durcet's  alloy,  moulding  with,  840 
Dead  and  bright  lustre,  188-190 
Dead  lustre,  67 


Dead  lustre— 

by  gaWanoplastic  deposit,  819 
compound  acids  for,  81 
for  jewelry,  467 
gilding,  197 
with,  183 

zinc,  with,  190-198 
Diluted  gold  bath,  136 

solutions  in  cold  baths,  161 
Deposited  silver,  to  ascertain  the  weight 

of,  289-244 
Deposit,  tin,  116 
Deposits,  brass,  97-108 

by  separate  batteries,  802 

by  the  wet  way,  17 

copper,  85-97 

regulating,  in  the  brass  bath,  104 

upon  metals  with  adherence,  818 

without  adherence,  822 
upon  non-metallic  substances,  324 
Diaphragm  or  cell,  clogged,  813 
Diaphragms,  460 

or  porous  cells,  811 
Dipping,  21 

baskets  for,  24 

bath,  21,  22 

baths,  vessels  for,  85 

copper  deposits  by,  85 

gilding  by,  17 

hooks  for,  23 

ladles  for,  24 

imitation  of  brass  plating  by,  108 

in  a  cold  bath,  silvering  by,  219- 

224 
in  aqua  fortis  and  soot,  25 
in  a  warm  bath,  silvering  by,  216 
in  compound  acids,  28 
in  nitrate  of  binozide  of  mercury, 

82 
in  old  aqua  fortis,  24 
small  articles,  26 
Disposition  of  the  pieces  in  the  bath,  816 
Dissolving  gold  from  gilt  articles,  198- 
202 
silver  from  silvered  articles,  264- 
2G6 
Double  affinity,  tinning  by,  110,  112, 
117 
cyanide  of  potassium  and  silver, 
bath  of,  228 
Drying  gilt  articles,  127 
Durability  of  hot  gilding,  145 
Dynamic  electricity,  17 


ECONOMY  in  gilding,  126 
Elements,  reunion  of,  72 
Electricity,  dynamic,  17 
Electro-chromic  rings,  283 
Electrodes,  458 
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Electro-depositfl,  thin,  17 
magnetic  apparatus,  80 
metallurgy,  18 
plating  art,  object  of,  17 
brass,  100 
cold,  102 
gold,  144 

old  plated  siWerTrare,  206 
siWer,  226,  237 
▼hat  it  is,  18 
gilding,  118,  119 

by  aid  of  heat  or  in  the  cold, 

145 
hot,  observations  on,  161 
without  the  battery,  144 
Bilyering  baths,  disposing  of,  231 

freshly  prepared,  236 
tinning,  111 
£lectroHzed  baths,  286 
Electrotyping,  what  it  is,  19 
Etching,  galvanic,  367 
Evaporating  dishes  or  c^sules,  468 
Exchange,  tinning  by,  109, 110 
Extract  of  Saturn,  387 
Extraction  of  copper  salts,  292 
of  gold,  286 
of  platinum,  291 
of  silver,  288 


FALSE  gold  wire,  100 
Ferrocyanide  of  potassium,  436 
Filters,  462 

Finishing  up  the  articles,  368 
Fire  or  mercury,  gilding  by,  186 
Flasks,  and  balloons,  456 
Fluoric  acid,  396 
Fonte  argentine,  116 
FormulsB  for  brass  baths,  100,  108 
Fountains  and  candelabra,  329 
French  and  English  weights  and  mea- 
sures, tables  of,  477 
Friction,  bright  lustre  by,  47 
Furnace  used  in  coloring  gilt  articles, 

127 
Fusible  alloys  of  Darcet,  404 
metal,  moulding  with,. 840 
formula  for,  340 
Future,  the,  876 


GALVANIC  batteries,  69 
etching,  367 
Galvanization  of  zinc,  281 
Galvano-gilding,  144 
Galvanoplastic  art,  object  of,  296 
what  it  is,  19 
bath,  193 
baths,  298-301 

for  gold  and  silver,  866 


Galvanoplastic — 

chefs  d'  oeuvre,  829 
copies  of  daguerreotypes,  322 
deposit,   length  of  operation  for, 
361,  862 
Mosaic  work  by,  321 
on  patterns  without  delivery, 
868 
deposits  upon  metals  with  adhe- 
rence, 318 
without  adherence,  822 
method  for  articles  in  high  relief, 

864 
operations,  proper,  296 

'  with  gold  or  silver,  864-367 
process  on  zinc,  193 
Gas  furnace  for  gilding,  124 
Gaseine,  438 
Gelatin,  488 
moulds,  342 
moulding  with,  342 
German  silver,  406 

gilding,  164 
Gilders  of  small  jewelry,  practice  of, 

with  regard  to  baths,  158 
Gilding,  118 

amalgam,  188,  189 

bath  for  gilding  zinc,  196 

by  electro- deposits,  17 

by  dipping,  17, 118, 139 

by  fire  or  mercury,  186 

by  stirring  with    gold    amalgam, 

138 
by  the  battery,  144 
cold,  with  the  rag,  J40 
economy  in,  126 
electro,  118,  119 
forge,  Darcet's,  186 
German  silver,  164 
green  and  white,  182 
hot  and  cold,  146 
iron  and  steel,  57,  68,  160 
large  articles,  167 
of  large  pieces,  practice  of,  with 

regard  to  baths,  168 
on  porcelain,  glass  or  crystal,  138 
practised  in  Switzerland,  166 
silver  by  dipping,  188 
small  articles,  157 
stone,  186 
thin  wires,  176-182 
watch  parts,  166-176 
with  a  partly  dead,  partly  bright 

lustre,  185-190 
with  a  dead  lustre,  183 

by    galvanoplastic     de- 
posit, 319-321 
with  shell  gold,  143 
with  the  brush,  143 
zinc  with  a  dead  lustre,  190-198 
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Gilt  articles,  coloring,  127 

plumbago,  325,  826 
Qlass,  gilding,  138 
Glue,  438 

Gold  amalgam,  gilding  with,  188 
ammonium,  bath  with,  146 
and  silver  baths  for  galTanoplastie, 

866 
bath,  141 

diluted,  186 
chloride  of, '424 
colored  Tarnish,  51-63 
cyanide  of,  148,  149,  431 
deposit,  cloudy,  820 

not  uniform,  820 
dipping    bath  with   bicarbonates, 

185 
dissolving,  from  gilt  articles,  198- 

202 
electroplating,  144 

in  hot  baths,  154 
extraction  of,  286 
green,  white,  red,  pink,  and  new, 

162,  163 
modifying  the  shade  of,  157 
muriate  of,  424 
or  silver,  galvanoplastlc  operations 

with,  864-367 
powder,  143 
prussiate  of,  149 
reserve,  267 
sesquichloride  of,  424 
shades  of,  162,  168,  164,165 
Golds,  colored,  181 
Graining  of  articles  for  gilding,  166 

powders,  169,  170 
Graphite,  441 

Green  and  white  gilding,  182 
copperas,  445 
for  red  lustre,  468 
gold,  162,  163,  867 
or  antique  bronxe,  879 
▼itriol,  445 
Grenet's  battery,  77 
Grove's  battery,  76 
Gutta  percha  lining  for  baths,  108 
moulding  with,  848 
moulds  for   articles    in  high 

relief,  854 
use  of,  in  moulding,  851 


HAND,  moulding  by,  850 
Hartshorn,  409 
Heat  with  brass  deposits,  98 
High  relief  articles,  854 
Hooks  for  dipping,  23 
Hot  bath,  agitating  articles  in,  161 
baths,  gold  electroplating,  154 
copper  baths,  92 


Hot— 

electro-gilding  baths,  preparation 
of,  155 
observations  on,  161 

gilding,  145 

silvering  baths,  keeping,  229 
Houseaux,  108 
Horn  silver,  422 
Hulot's  foil  of  aluminium,  77 
Hydrochl orate  or  muriate  of  zinc,  428 
Hydrochloric  acid,  894 

for  cleansing  cast-iron,  57 
Hydrocyanate  of  ammonia,  430 

of  copper,  429 

of  potassa,  431 

of  lime,  430 

of  zinc,  437 
Hydrocyanic  acid,  151,  891 
poisoning  by,  470 
Hydrofluoric  acid,  896 
Hydrometers,  458 
Hydrosulphuric  acid,  399 

poisoning  by,  472 
Hygiene,  468 

of  the  workshop,  478 
Hyponitrio  acid,  888 

gas,  poisoning  by,  472 


IMPORTANT    observations    on   bat- 
teries, 75 
Impoverished  baths,  815 

hot  bath,  reinyigorating,  231 
India  rubber,  421 
Instruments  and  apparatus,  452 

employed  in  burnishing,  261,  262 
Iron  and  steel,  deposits  of,  231 
brass  bath  for,  105 
cleansing,  57,  58 
copper  on,  86,  90 
covering,    with    fat    ramish    and 
plumbago,  preparatory  to  being 
immersed  in  the  bath,  330 
gaWanoplastio  deposit  on,  823 
gilding,  160 
tinning,  111,  117 
wire,  brass  deposit  on,  99 
Isinglass,  488 


TARS,  glass,  459 


KAOLIN  for  cells,  811 
Keeping  batteries,  75 
in  order,  74,  812 
hot  electro-gilding  baths,  157 
Kettles,  456 
Kneading,  moulding  by,  350 
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OBJECT  of  electroplating  art,  17 
Observations,  importaat,   on  bat- 
teries, 75 
Oil  of  Titriol.  401 
Old  aqua  fortis,  dipping  in,  24 
baths,  reduction  of,  286 
silvering,  2G9 
Operation,  length  of,  for  gaWanoplastio 

deposit,  861-862 
Or  moulu,  180 

red,  466 
yellow,  467 
Ornamenting  porcelain,    ceramic   and 

crystal  wares,  332 
Oudry,  M.,  processes  of,  829,  880 
Oxyd^,  270 
Oxidized  silver,  270 


PARENT    and  Hamet*s  friction  ma- 
chine, 48 
Pasteboard  for  cells,  811 
Pastes  for  silvering,  209,  210,  212,  218 
Pattern,  moulding  the,  886 
Pewter,  brass  on,  108 

to  silver,  286 
Phosphate  of  ammonia,  489 

of  soda,  440 
Pickle  baths,  nitric  acid  for,  88 

for  cleaning  cast-iron,  87 
Pickles,  22 

Pieces,  disposition  of,  in  the  bath,  816 
Pinaire,  M.,  of  Besan9on,  166 
Pinchbeck,  405 
Pink  gold,  162,  168,  164,  165 
Pipe  clay  for  cells,  811 
Plaster  of  Paris,  deposits  on,  824 
gilding  articles  of,  821 
models,  hardening,  852 
moulding  with,  337 
Plated  silver,  204-206 
Platinum  baths,  275,  276,  277 
bichloride  of,  426 
chloride  of,  426 
copper  dishes  coated  with,  278 
dead  lustre,  278 
deposits,  274-278 
by  dipping,  275 
burnishing,  278 
removing,  278 
extraction  of,  291 
foil  or  wire,  use  of  in  electro-gild- 
ing, 161 
muriate  of,  426 
wires,  use  of,  152 
Plambago,  441 

covering  with,  323,  825,  328 
gilt  and  silvered,  325.  826 
Poisoning,  470,  471 
by  alkalies,  471 


Poisoning—* 

by  chlorine,  472 

by  hydrosulphuric  acid,  472 

by  lead  salts,  472 

by  mercury  salts,  471 

by  metallic  salts,  471 

by  nitrous  and  hyponitric  gases, 
472 

by  sulphuretted  hydrogen,  472 

by  sulphurous  acid,  472 
Polishing  apparatuses,  48,  49,  50 

Blanzy,  Poure,  &  Co*s.  process,  49 

Tailfer  &  Go's,  apparatus  for,  50 
Porcelain  clay,  for  cells,  811 

deposits  on,  824 

disbes  for  melting  metals  in,  881 

gilding,  183 
Porous  cells,  83,  460 

or  diaphragms,  811 
Potin,  22,  407 
Potassa,  bicarbonate  of,  418 

bitartrate  of,  420 

nitrate  of,  417 
Potassium,  cyanide  of,  88,  89, 481,  432, 
484 

ferrocyanide  of,  486 

sulphide  of,  449 
Powders,  metallic,  882 
Preparing  bath  for  zinc  articles,  196 

gold  bath,  128 
Press,  moulding  with  the,  845 
Printing  rollers,  etching,  370 
Protochloride  of  tin,  428 
Protoxide  of  iron,  sulphate  of,  445 
Prussiate  of  ammonia,  430 

of  copper,  429 

of  gold,  bath  with,  149 

of  potassa,  481 

of  silver,  428 

of  zinc,  487 

or  hydrocyanate  of  gold,  431 
Pmssic  acid,  poisoning  by,  470 
Pulvermacher*s  chain  or  battery,  81 
Pyroligneous  acid,  887 
Pyrophosphate  of  soda,  441 


RAPIDLY  depositing  silver  baths,  231 
Red  deposit  in  brass  bath,  107 
gilding,  139 
gold,  162, 163 
lustre,  green  for,  468 
or  moulu,  466 
Reduction  of  gold  baths,  286 
Remedies  for  acid  baths,  315 
Removing  the  mould,  862 
Rendering  moulds  impervious  to  liquids, 

827 
Reophores,  458 
Reserves,  267 
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Resistance  of  hot  gilding,  145 
Resist,  composition  for,  172 
Resists,  182 

and  reserres,  267 
Retorts,  459 

Reunion  of  scTcral  elements,  72 
Rinsing,  86 

solations  for,  195 
Rods,  stirring,  452 
Rollers,  etching  printing,  370 
Roseleur  and  Lanaux's  first  thick  pla- 
tinum deposit,  275 


SALT,  amalgamating,  814 
of  Homberg,  890 
Salts,  bath  oyerloaded  with,  96 

of  copper,  86,  88,  90,  95 
Saltpetre,  417 
Sawdust,  box  for,  126 

use  of,  in  drying,  126 
Scratch-brushes,  39,  463 
-brushing,  39-46,  116 
lathe  for,  48 
watch  parts,  171 
Separate  batteries,  deposits  by,  802 
Sesquichloride  of  gold,  424 
Shades  of  gold,  162,  163,  164,  165 

modifying,  157 
Shell  gold,  gilding  with,  148 
Silk  coooon,  metallizing,  834 

skeins,  metallization  of,  885 
Simple  apparatus,  804 

for  amateurs,  305 
use  of  electroplating,  230 
immersion,  18 
Sinking,  moulding  by,  849 
SiWer,  412 

and  gold,  gaWanopIastio  operations 

with,  864>367 
bath  for  amateurs,  237 

for  gaWanoplastie,  866 
baths,  216,  218,  226,  228 

working,  217 
chloride  of,  422 
cleansing,  86-39 
cyanide  of,  428 
dissolving,  from  siWered  articles, 

264-266 
electroplating,  225-287 

of  spoons  and  forks,  258 
extraction  of,  288-291 
gilding  by  dipping,  183 
muriate  of,  422 
nitrate  of,  414 
powder,  169 
prussiateof,  428 
reserve,  267 

whitening  with,  in  a  pot,  209-212 
SlWered  plumbago,  825,  326 


SiWerfoil,  silvering  with,  207-209 

with  bright  or  dead  lustre,  208 
Silvering,  203 

bath  for  cold  dipping,  223 

by  dipping  in  a  cold  bath,  219-224 
in  a  warm  bath,  216-219 

cold,  by  rubbing,  212-215 

iron  and  steel,  57,  59 

liquid,  215 

operation,  219 

pastes  for,  209,  210,  212,  218 

with  silverfoil,  207-209 

sine,  192 
Similor,  404 
Small  articles,  dipping,  26 

in  bath,  94 
Smee's  battery,  77 

modification  of,  78 
Smoky  bronze,  378 
Solder,  56 
Soda,  biborate  of,  420 

bicarbonate  of,  419 

phosphate  of,  440 

pyrophosphate  of,  441 

sulphite  and  bisulphite,  447 
Sodium,  sulphide  of,  449 
Soot  and  aqua  fortis,  dipping  in,  25 
Specific  gravity  of  the  brass  bath,  104 
Spent  aqua  fortis,  27 
Spirit  of  nitre,  889 

Spoons  and  forks,  arranging,  for  pla- 
ting, 233 
silver-plating,  258 
Statuary  brass,  405 
Statues,  855 
Stearic  acid,  398 
Stearine,  898 

covering  upon  casts,  827,  328 

moulding  with,  889 
Steel,  brass  bath  for,  105 

cleansing,  58 

deposits  of,  281 

gilding,  160 

tin  and  lead  gilding  by  hot  baths, 
146 
Stirring  rods,  452 
Stove,  moulding  in  the,  849 
Stripping  bath,  198-200 
Sub-acetate  of  lead,  387 
Sugar  of  lead,  386 
Sulphate  of  copper,  86,  87,  95,  443 

of  mercury,  446 

of  protoxide  of  iron,  445 

of  zinc,  446 
Sulphates  of   iron    and   ammonia  for 
electro-deposits,  281 
and    potai«sa    for    electro-de- 
posits, 281 
Sulphide  of  ammonium,  448 

of  carbon,  450 
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Sulphide — 

of  potassium,  449 

of  calcium,  449 

of  sodium,  449 
Sulphite  of  soda,  447 
Sulphur  gas,  400 

livers  of,  449 
Sulphuretted  hydrogen,  809 
poisoning  by,  472 
Sulphuric  acid,  8b,  401 
Sulphurous  acid,  400 

poisoning  by,  472 
Sulphydrate  of  ammonia,  448 
Sulpliydric  acid,  899 
Syphons,  463 


TAILFER  &  Co*8.  apparatus  for  pol- 
ishing, 50 

process  for  tinning  iron,  117 
Tallow  candle,  covering,  828 
Tanks  for  cold  electroplating,  108 

for  copper  baths,  92 
Tannic  acid,  402 
Tannin,  402 
Thermometer,  465 
Thick  platinum  electro-deposits,  277 
Thin  electro-deposits,  17 

platinum  deposits,  276 

wires,  gilding,  176-182 
Threaded  articles,  93 
Tin  and  lead,  cleansing,  66 

chloride  of,  423 

copper  on,  90 

deposit,  116 

galvanoplastic  deposits  on,  828 

muriate  of,  428 

protochloride  of,  428 

salt,  428 

whitening  by,  117 
Tinning,  109 

bath  by  exchange  for  iron,  110 

by  exchange,  109 

by  galvanic  way,  110 

by  substitution  or  double  affinity, 
110,  112-117 

cast-iron,  57 

conditions  of  success,  116 

electro.  111 

iron.  111,  117 

large  and  small  articles,  114,  115 

zinc,  111,  117 
Tombac,  407 
Trait,  wire,  176 
Tribasic  phosphate,  440 
Troughs,  460 


UNDERCUT  moulds,  829 
patterns,  858 


Uogilding.  198-202 

bath,  198 
Unsatisfactory  color  of   gilt   articles, 
improving,  153,  154 

deposit,  153 

VARNISH,  gold  colored,  51-53 
shades  of,  52 
Varnishes,  resist,  267 
Verdet,  885 
Verdigris,  886 

Vessels  for  dipping  baths,  35 
Vinegar,  887 
Vitriol,  oil  of,  401 
Volta,  battery,  78 


WEAK    current,   advantages    of,  in 
silvering,  285 
Watch  parts,  gilding.  166,  170 
graining,  168-170 
holding  for  gilding,  167 
preparation  of,  for  gilding,  167 
solution  for  gilding,  167 
Watt,  Alexander,  88,  108 
Wax  for  gilding,  468 

moulding  with,  889 
Waxing,  189 
Weight  of  deposited  silver,  to  ascertain, 

289-244 
Weights  and  measures,  metric  system 

of,  475 
Wet  way,  metallization  by,  333 
White  and  green  gilding,  132 
copperas,  446 
gold,  162,  163 
vitriol,  446 
Whitening  bath,  30 
by  tin,  117 

of  silver,  paste  for,  209,  210,  212 
with  silver  in  a  pot,  209-212 
Wire  apparatus  for  gilding,  177 
false  gold,  100 
for  epaulets,  100 
iron,  brass  deposit  on,  99 
Wires,  conducting,  458 
Wollaston's  battery,  78,  83 
Wood,  metallizing,  884 
Workshop,  antidotes  and  hygiene  for, 
468 
hygiene  of,  473 
Wrought    iron,    cast-iron,    and    steel, 
gilding,  160 
cleansing,  58 

YELLOW  color  on  silver  plated  arti- 
cles, to  correct,  236 
or  moulu,  467 
prussiate  of  potassa,  436 
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ZINC,  63 
amalgamatiDg,  65,  71 
articles,  preparing  bath  for,  196 
brass  bath  for,  106 
bronie  for,  878 
chloride  of,  428 
cleansing,  63-56 
containing  lead,  814 
copper  on,  90 
cyanide  of,  487 
deposits  of,  280,  285 
electro-silTering,  192 


Zinc — 

gaWanoplastic  deposits  on,  828 

process  on,  198 
gilding,  with  a  dead  lustre,  190- 

198 
hydrochlorate  of,  428 
ornaments  coTered  with  gold   or 

silfer,  64 
rolphate  of,  446 
tinning.  Ill,  117 
uses  of,  63-64 
Zincs,  removal  of,  74 
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-DAKEWELL.— A  MAHUAL  OF  ELECTRICITT— PRACTICAL  AND 
•^    THEORETICAL : 

By  F.  C.  Bakswill,  Inventor  of  the  Copying  Telegraph.  Se« 
cond  Edition.  Revised  and  enlarged.  Illustrated  by  nume- 
rous engravings.     I2mo.    Cloth        .... 

-pEAHS— A  TREATISE  ON  RAILROAD  CXTR7E8  AND  THE  L0« 
^    CATION  OF  RAILROADS : 

By  £.  W.  Bbavs,  C.  E.     12mo.       ...  $2  00 

-pLENXARN.— PRACTICAL  SPECIFICATIONS  OF  WORKS  EXE- 
•^    CUTED    IN   ARCHITECTURE,  CIVIL   AND  MECHANICAL 

ENGINEERING,  AND  IN  ROAD  MAKING  AND   SEWER. 

ING: 

To  which  are  added  a  series  of  practically  useful  Agreements 
and  Reports.  By  John  Blkskahx.  Illustrated  by  fifteen 
large  folding  plates.    8vo $9  00 

miNN.— A  PRACTICAL  WORKSHOP  COMPANION  FOR  TOT, 
^    SHEET-IRON,  AND  COPPER-PLATE  WORKERS  : 

Contuning  Rules  for  Describing  various  kinds  of  Patterns 
used  by  Tin,  Sheet-iron,  and  Copper-plate  Workers ;  Practical 
Geometry ;  Mensuration  of  Surfaces  and  Solids ;  Tables  of  the 
Weight  of  Metals,  Lead  Pipe,  etc. ;  Tables  of  Areas  and  Cir- 
cumferences of  Circles ;  Japans,  Varnishes,  Lackers,  Cements, 
Compositions,  etc.  etc.  By  Lebot  J.  Bukm,  Master  Me- 
ohanic.    With  over  One  Hundred  Dlastrations.  12me.    $2  50 
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^OOTH.-HABBLE  WORKER'S  MANITAL : 

Containing  Practical  Information  respecting  Marbles  in  gene- 
ral, their  Cutting,  Working,  and  Polishing;  Veneering  of 
Marble ;  Mosaics ;  Composition  and  Use  of  Artificial  Marble, 
Stnccos,  Cements,  Receipts,  Secrets,  etc.  etc.  Translated 
firom  the  French  by  M.  L.  Booth.  With  an  Appendix  con- 
cerning American  Marbles.     12mo.,  cloth         .        •    $1  50 

'pOOTH  AKD  MORFTT.— -THE  EKCTCLOFEDIA  OF  CHEMISTRT, 
-^    PRACTICAL  AITB  THEORETICAL : 

Embracing  its  application  to  the  Arts,  Metallurgy,  Mineralogy, 
Geology,  Medicine,  and  Pharmacy.  By  James  C.  Booth, 
Melter  and  Refiner  in  the  United  States  Mint,  Professor  of 
Applied  Chemistry  in  the  Franklin  Institute,  etc.,  assisted  by 
Campbell  Mobfit,  author  of  <*  Chemical  Manipulations,"  etc. 
Seventh  edition.  Complete  in  one  volume,  royal  8yo.,  978 
pages,  with  numerous  wood-cuts  and  other  illustrations.  $5  00 

-DOWBITCH.— AKALTSIS,  TECHNICAL  YALUATION,  PTTRIFI- 
'^    CATION,  AND  USE  OF  COAL  OAS : 

By  Bey.  W.  R.  Bowditoh.  Illustrated  with  wood  engrav- 
ings.   8vo $6  50 

'DOX.— PRACTICAL  HTDRAULICS: 

A  Series  of  Rules  and  Tables  for  the  use  of  Engineers,  etc. 
By  Thomas  Box.     12mo $2  50 

-pUCKUASTER.— THE  ELEICENTS  OF  MECHANICAL  PHYSICS : 
By  J.  C.  BucEJCASTER,  late  Student  in  the  Government  School 
of  Mines ;  Certified  Teacher  of  Science  by  the  Department  of 
Science  and  Art ;  Examiner  in  Chemistry  and  Physics  in  the 
Royal  College  of  Preceptors ;  and  late  Lecturer  in  Chemistry 
and  Physics  of  the  Royal  Polytechnic  Institute.  Illustrated 
with  numerous  engravings.     In  one  vol.  12mo.  .     $1  50 

DULLOCK.— THE  AMERICAN  COTTAGE  BUILDER : 

A  Series  of  Designs,  Plans,  and  Specifications,  from  $200  to 
to  $20,000  for  Homes  for  the  People;  together  with  Warm- 
ing, Ventilation,  Drainage,  Painting,  and  Landscape  Garden- 
ing. By  JoHH  BuLLOOK,  Architect,  Civil  Engineer,  Mechani- 
cian, and  Editor  of  "The  Rudiments  of  Architecture  and 
Building,"  etc.  Illustrated  by  75  engravings.  In  one  vol. 
8vo. .        .    $3  5» 
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nULLOCK.  —  THE    BT7DIMENT8    07     ABCHITZCTTiRE    AVD 

*^    BUILDING: 

For  the  use  of  Architeots,  Builders,  Draughtsmen^  Machin- 
ists, Engineers,  and  Mechanics.  Edited  by  Johv  Bullock, 
author  of  "The  American  Cottage  Builder."  Illastrated  by 
250  engrayings.     In  one  Yolume  Svo.         .  .     $3  60 

^TrBGH.~PEACTICAL  ILLUSTRATIOirS  OF  LAND  AHB  MA- 
BINE  ENGINES : 

Showing*  in  detail  the  Modern  Improrements  of  High  and  Low 
Pressure,  Surface  Condensation,  and  Super-heating,  together 
with  Land  and  Marine  Boilers.  By  N.  P.  Bubgh,  Engineer. 
Illustrated  by  twenty  plates,  double  elephant  folio,  with  text. 

$21  00 
-DUEGH.— FBACTICAL   RULES   FOB  THE  PBOPOBTIONS  OF 
^    MODEBN  ENGINES  AND  BOILEBS  FOB  LAND  AND  MA- 
BINE  PUBPOSES. 
By  N.  P.  BuRGD,  Engineer.     12mo.  .        .        .     $2  00 

^UBGH.— THE  SLIDE-VALVE  PBACTICALLT  CONSIDEBED : 
By  N.  P.  BuBGH,  author  of  "  A  Treatise  on  Sugar  Machinery," 
'<  Practical  Illustrations  of  Land  and  Marine  Engines,"  "  A 
Pocket-Book  of  Practical  Rules  for  Designing  Land  and  Ma- 
rine Engines,  Boilers,"  etc.  etc.  etc  Completely  illustrated. 
12mo ;         ...     $2  00 

"pYBN.— THE  COKPLETE  PBACTICAL  BBEWEB: 

Or,  Plain,  Accurate,  and  Thorough  Instructions  in  the  Art  of 
Brewing  Beer,  Ale,  Porter,  including  the  Process  of  making 
Bayarian  Beer,  all  the  Small  Beers,  such  as  Root-beer,  Qinger- 
pop,  Sarsaparilla-beer,  Mead,  Spruce  beer,  etc.  etc.  Adapted 
to  the  use  of  Public  Brewers  and  Private  Families.  By  M.  La 
Faybtte  Btbn,  M.  D.     With  illustrations.     12mo.         $1  25 

]DYB9r.— THE  COMPLETE  PBACTICAL  DISTILLEB : 

Comprising  the  most  perfect  and  exact  Theoretical  and  Prac- 
tical Description  of  the  Art  of  Distillation  and  Rectification ; 
including  all  of  the  most  recent  improTcments  in  distilling 
apparatus ;  instructions  for  preparing  spirits  IVom  the  nume- 
rous yegetables,  fruits,  etc. ;  directions  for  the  distillation  and 
preparation  of  all  kinds  of  brandies  and  other  spirits,  spiritu-> 
ous  and  other  compounds,  etc.  etc. ;  all  of  which  is  so  simpli- 
fied that  it  is  adapted  not  only  to  the  use  of  extensive  distil- 
lers, but  for  every  farmer,  or  others  who  may  wish  to  engage 
in  the  art  of  distilling  By  M.  La  Fatette  Bybn,  M.  D. 
With  numerous  engravings.     In  one  volume^  12mo.        $1  50 
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DYBNE.— POCKET  BOOK  FOB  RAILROAD  AHB  CIVIL  EK6I- 

^    HEEBS: 

ContainiDg  New,  Exact,  and  GoDcise  Methods  for  Laying  out 
Railroad  CurYes,  Switches,  Frog  Angles  and  Crossings;  the 
Staking  out  of  work;  Leyelling;  the  Calculation  of  Cut- 
tings ;  Embankments ;  Earth-work,  etc.  By  Oliyba  Btbne. 
Illastratod,  l8mo.,  full  bound $1  76 

BYBKE^THE  HANDBOOK  FOB  THE  ABTI8AN,  UECHANIC, 
-"    AND  ENOINEEB : 

By  Oliver  Byrne.    Illustrated  by  185  Wood  Engravings.    8vo. 

$5  00 

IDYBNE.— THE  ESSENTIAL  ELEMENTS  OF  PRACTICAL   UE- 
'^    CHANICS: 

For  Engineering  Students,  based  on  the  Principle  of  Work. 
By  Oliver  Byrne.  Illustrated  by  Numerous  Wood  Engrav- 
ings, 12mo $8  68 

BYBNE.— THE  PRACTICAL  ME^AL- WORKER'S  ASSISTANT : 
Comprising  Metallurgio  Chemistry ;  the  Arts  of  Working  all 
Metals  and  Alloys ;  Forging  of  Iron  and  Steel ;  Hardening  and 
Tempering;  Melting  and  Mixing;  Casting  and  Founding; 
Works  in  Sheet  Metal;  the  Processes  Dependent  on  the 
Ductility  of  the  Metals ;  Soldering ;  and  the  most  Improved 
Processes  and  Tools  employed  by  Metal- Workers.  With  the 
Application  of  the  Art  of  Electro-Metallurgy  to  Manufactu- 
ring Processes ;  collected  from  Original  Sources,  and  from  the 
Works  of  Holtzapffel,  Bergeron,  Leupold,  Plumier,  Napier,  and 
others.  By  Oliver  Byrne.  A  New,  Revised,  and  improved 
Edition,  with  Additions  by  John  Scoffem,  M.  B  ,  William  Clay, 
Wm.  Fairbairn,  F.  R.  S.,  and  James  Napier.  With  Five  Hun- 
dred and  Ninety-two  Engravings ;  Illustrating  every  Branch 
of  the  Subject.     In  one  volume,  8vo.     652  pages      .     $7  00 

BYRNE.— THE  PRACTICAL  MODEL  CALCULATOR: 

For  the  Engineer,  Mechanic,  Manufacturer  of  Engine  Work, 
Naval  Architect,  Miner,  and  Millwright.  By  Oliver  Byrne. 
1  volume,  8vo.,  nearly  600  pages       .        .        .        «     $4  60 

^EKROSE.— KANUAL  OF  WOOD  CARVIN Q :  With  Practical  II. 

'*^  lustcations  for  Learners  of  the  Art,  and  Original  and  Selected  de- 
signs. By  William  Beurose,  Jr.  With  an  Introduction  by 
Llewellyn  Jbwitt,  F,  S.  A.,  etc.  With  128  Illustrations.  4to., 
cloth $3  00 
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'DAIED.—PBOTECnOH  OF  HOME  LABOR  AHD  HOKE   FBO- 
'^    DUCTI0H8  HECE88ART  TO  THE  PEOSFEBITT  OF   THE 

AHEBICAH  FABKEB : 

By  HxNRT  Carbt  Baird.     Sto.,  paper      .        .         •        .        10 

'DAIBD.^THE  BIGHTS  OF  AXEBICAH  FBOBT7GEB8,  AHB  THE 
WBOKGS  OF  BBITISH  FBEE  TBABE  BEVEHUE  BEFOBM. 
By  HzHBT  Oabey  Baird.  .  (1870)  ....         5 

AIBB.— SOME  OF  THE  FALLACIES  OF  BBTTISH-FBEE-TBADE 
BEVEinTE-BEFOBM. 
Two  Letters  to  Prof.  A.  L.  Perry,  of  Williams  College,  Mass.     By 
HsNRT  Caret  Baird.     (1871.)    Paper     ....  5 

^AIBD.— STAHDABD  WAGES  COMPimHG  TABLES : 

An  ImproTement  in  all  fbrmer  Methods  of  Computation,  so  ar- 
ranged that  wages  for  days,  honra,  or  fractions  of  hours,  at  a  spe- 
cified rate  per  day  or  hoar,  may  be  ascertained  at  a  glance.  By 
T.  Spanglsb  Baird.    Oblong  folio $5  00 

mUEBMAH.— TBEATISE  OH*THE  METALLVBGY  OF  IBOH. 
Illostrated.    12mo $2  50 

'piCKNELLlS  VILLAGE  BUILDEB. 

^    65  large  plates.    4to $10  00 

]DISHOP.— A  HISTOBY  OF  AMEBICAH  MAHUFACTUBES : 

From  1608  to  1866 ;  exhibiting  the  Origin  and  Growth  of  the  Prin- 
cipal Mechanic  Arts  and  Manufactures,  from  the  Earliest  Colonial 
Period  to  the  Present  Time  ;  By  J.  Leakder  Bisnop,  M.  D.,  Ed- 
ward Youxa,  and  Edwin  T.  Freedlet.    Three  toIs.  8to., 

$10  00 

-DOX.— A  PBACTICAL  TBEATISE  OH  HEAT  AS  APPLIED  TO 

^   THE  USEFTTL  ABT8: 

For  the  use  of  Engineers,  Architects,  etc.  By  Thomas  Box,  au- 
thor of  "Practical  Hydraulics."  Illustrated  by  14  plates,  con- 
taining 114  figures.     12mo $4  25 

riABIKET  MAXEB'S  ALBTTM  OF  FTJBHITTJBE : 

Comprising  a  Collection  of  Designs  for  the  Newest  and  Most 
Elegant  Styles  of  Furniture.  Illustrated  by  Forty-eight  Large 
and  Beautifully  Engraved  Plates.     In  one  Tolume,  oblong 

$5  00 

nHAPMAHr-A  TBEATISE  OH  BOPE-MAKIHG : 

As  practised  in  private  and  public  Bope-yards,  with  a  Description 
of  the  Manufacture,  Rules,  Tables  of  Weights,  etc.,  adapted  to  the 
Trade  ;  Shipping,  Mining,  Railways,  Builders,  etc.  By  Robert 
CuAPMAX.    24mo $1  50 
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ORAIS.— TEE  PBAOnCAL  AXEBICAH   lOLLWBlQKT  AVD 
MILLEB. 

Comprising  the  Elementary  Principles  of  Mechanics,  Me- 
chanism, and  Motive  Power,  Hydraulics  and  Hydraulic 
Motors,  Mill-dams,  Saw  Mills,  Grist  Mills,  the  Oat  Meal  Mill, 
the  Barley  Mill,  Wool  Carding,  and  Cloth  Fulling  and  Dress- 
ing, Wind  Mills,  Steam  Power,  &c.  By  David  Craik,  Mill' 
Wright.  Illustrated  hy  numerous  wood  engravings,  and  five 
folding  plates.    1  vol.  8vo.  .        .        .        .    $5  00 

riAMPnr.— A  practical  treatise  oh  mechanical  ek- 

^    GIHEERIirO: 

Comprising  Metallurgy,  Moulding,  Casting,  Forging,  Tools, 
Workshop  Machinery,  Mechanical  Manipulation,  Manufacture 
of  Steam-engines,  etc.  etc.  With  an  Appendix  on  the  Ana- 
lysis of  Iron  and  Iron  Ores.  By  Fbakcis  Campin,  C.  E.  To 
which  are  added.  Observations  on  the  Construction  of  Steam 
Boilers,  and  Remarks  upon  Furnaces  used  for  Smoke  Preven- 
tion ;  with  a  Chapter  on  Explosions.  By  R.  Armstrong,  C.  E., 
and  John  Bourne.  Rules  for  Calculating  the  Change  Wheels 
for  Screws  on  a  Turning  Lathe,  and  for  a  Wheel-cutting 
Machine.  By  J.  La  Nicca.  Management  of  Steel,  including 
Forging,  Hardening,  Tempering,  Annealing,  Shrinking,  and 
Expansion.  And  the  Case-hardening  of  Iron.  By  G.  Edb. 
8vo.    Illustrated  with  29  plates  and  100  wood  engravings. 

$6  00 

riAHPIir.— THE   PRACTICE   OF  HAim-TURNIKG  IK  WOOD, 
^    IVORY,  SHELL,  ETC. : 

With  Instructions  for  Turning  such  works  in  Metal  as  may  b^ 
required  in  the  Practice  of  Turning  Wood,  Ivory,  etc.    Also 
an  Appendix  on  Ornamental  Turning.    By  Fbamcis  Campin  , 
with  Numerous  Illustrations,  12mo.,  cloth         .        .     $3  00 

pAPROH  BE  DOLE.— BUSSAVCE.— BLUES  AND  CARMINES  OF 
^    INDIGO. 

A  Practical  Treatise  on  the  Fabrication  of  every  Commercial 
Product  derived  from  Indigo.    By  Fklicien  Capbon  de  Dole 
Translated,  with  important  additions,  by  Professor  H.  Dus- 
8AUCB.     12mo. 
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Q ASEY.— THE  WORKS  OF  HEKRY  C.  CAREY : 

CONTRACTION  OR  EXPANSION?  REPUDIATION  OR  RE- 
SUMPTION? Letters  to  Hon.  Hagh  McCulloch.    8to.        88 

FINANCIAL  CRISES,  their  Causes  and  Effects.    8vo.  paper 

25 

HARMONY  OF  INTERESTS;    Agricultural,  Manufacturing, 

and  Commercial.    8to.,  paper $1  00 

Do.  do.  cloth         .  .     $1  50 

LETTERS  TO  THE  PRESIDENT  OF  THE  UNITED  STATES. 
Paper $1  00 

MANUAL  OF  SOCIAL  SCIENCE.  Condensed  from  Carey's 
«  Principles  of  Social  Science."  Bj  Katb  MoKbam.  1  toI. 
12mo $2  25 

MISCELLANEOUS  WORKS:  comprising  "Harmony  of  Inter- 
ests," "Money,"  "Letters  to  the  President,"  "French  and 
American  Tariffs,"  "Financial  Crises,"  "The  Way  to  Outdo 
England  without  Fighting  Her,"  "Resources  of  the  Union," 
"The  Public  Debt,"  "Contraction  or  Expansion,"  "Review 
of  the  Decade  1867— 'G7,"  "Reconstruction,"  etc.  etc.  1  voL 
8to.,  cloth $4  60 

MONEY:  A  LECTURE  before  the  N.  Y.  Geographical  and  Sta- 
tistical Society.     8yo.,  paper 25 

PAST,  PRESENT,  AND  FUTURE.     8yo.  .        .        .     $2  50 

PRINCIPLES  OF  SOCIAL  SCIENCE.    8  yolumes  8yo.,  cloth 

$10  00 
REVIEW  OF  THE  DECADE  1857— '67.     8vo.,  paper  50 

RECONSTRUCTION :  INDUSTRIAL,  FINANCIAL,  AND  PO- 
LITICAL. Letters  to  the  Hon.  Henry  Wilson,  U.  S.  S.  8to. 
paper .        .  60 

THE  PUBLIC  DEBT,  LOCAL  AND  NATIONAL.  How  to 
provide  for  its  discharge  while  lessening  the  burden  of  Taxa- 
tion. Letter  to  David  A.  Wells,  Esq.,  U.  S.  Revenue  Conunis- 
sion.     8vo.,  paper 25 

THE  RESOURCES  OF  THE  UNION.  A  Lecture  read,  Dec. 
18G5,  before  the  American  Geographical  aod  Statistical  So- 
ciety, N.  Y.,  and  before  the  American  Association  for  the  Ad- 
vancement of  Social  Science,  Boston         ...  50 

THE  SLAVE  TRADE,  DOMESTIC  AND  FOREIGN;  Why  it 
Exists,  and  How  it  may  be  Extinguished.  12mo.,  cloth    $154 
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LETTERS    ON    INTERNATIONAL   COPYRIGHT.      (1867.) 
Paper 50 

REVIEW  OP  THE  FARMERS*  QUESTION.  (1870.)  Paper  26 

RESUMPTION!  HOW  IT  MAY  PROFITABLY  BE  BROUGHT 
AROUT.     (1869.)    8vo.,  paper        ....  60 

REVIEW  OP  THE  REPORT  OP  HON.  D.  A.  WELLS,  Special 
Commissioner  of  the  Revenae.     (1869.)    8to.,  papec  50 

SHALL  WE  HAVE  PEACE?   Peace  Financial  and  Peace  Poli- 
tical.  Letters  to  the  President  Elect.    (1868.)   8vo.,  paper  50 

THE  FINANCE  MINISTER  AND  THE  CURRENCY,  AND 
THE  PUBLIC  DEBT.     (1868.)    8yo.,  paper   .        .  50 

THE  WAY  TO  OUTDO  ENGLAND  WITHOUT  FIGHTING 
HER.   Letters  to  Hon.  Schuyler  Colfax.  (1866.)  8to.,  paper 

$1  00 

WEALTH  I  OF  WHAT  DOES  IT  CONSIST  ?   (1870.)  faper  26 


QAXUS.— A  TREATISE  OH  THE  TEETH  OF  WHEELS : 

Demonstrating  the  best  forms  which  can  be  given  to  them  for  the 
pnrposesof  Machinery,  such  as  Mill-work  and  Clock-work.  Trans- 
lated  from  the  French  of  M.  Camus.  By  John  I.  Hawkirs. 
Illostrated  by  40  plates.    8yo $3  00 

noxE.— nKniG  legislatiok. 

A  paper  read  before  the  Am.  Social  Science  Association.  By 
EcKLVT  B.  CoxB.    Paper 20 

nOLBURH.— THE  GAS-WORKS  OF  LONDON : 

Comprising  a  sketch  of  the  Gas-works  of  the  city,  Process  of 
Manufacture,  Quantity  Produced,  Cost,  Profit,  etc.  By  Zebah 
CoLBURN.     8yo.,  cloth 75 

nOLBURN.— THE  LOCOMOTIVE  ENGINE : 

Including  a  Description  of  its  Structure,  Rules  for  Estimat- 
ing its  Capabilities,  and  Practical  Observations  on  its  Construc- 
tion and  Management.  By  Zebah  Colbubit.  Hlustrated.  A 
new  edition.     12mo. $1  26 

nOLBURH  AND  MAW.— THE  WATER-WORKS  OF  LONDON : 

Together  with  a  Series  of  Articles  on  yarious  other  Water- 
works. By  Zebah  Colbubn  and  W.  Maw.  Reprinted  from 
''Engineering.'*    In  one  volume,  8to.  .     $4  00 

TVAGUERREOTTFIST  AND  PHOTOGRAPHER'S  COMPANION : 
^    12mo.,  cloth $1  26 
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piBGKS.— PESFETUAL  MOTIOK : 

Or  Search  for  Self-Motiye  Power  during  the  17th,  18th,  and 
19th  centaries.  Illustrated  from  yarious  authentic  sources  in 
Papers,  Essays,  Letters,  Paragraphs,  and  numerous  Patent 
Specifications,  with  an  Introductory  Essay  by  Herbt  Dibcks, 
G.  £.  Illustrated  by  numerous  engrayings  of  machines. 
12mo.,  cloth $8  50 

*niXOV.— THE  FSACnCAL  ]aLLWBI6ET>8  AHB  EKGnTEEB'S 
GUIDE: 

Or  Tables  for  Finding  the  Diameter  and  Power  of  Cogwheels ; 
Diameter,  Weight,  and  Power  of  Shafts ;  Diameter  and  Strength 
of  Bolts,  etc.  etc.    By  Thomas  Dixon.   12mo.,  cloth.    $1  50 

T^UKCAK.->FRACnCAL  STTBYEYOB'S  GUIDE: 

Containing  the  necessary  information  to  make  any  person,  of 
common  capacity,  a  finished  land  sunreyor  without  the  aid  of 
a  teacher.    By  Andrew  Dunoan.    Illustrated.    12mo.,  cloth. 

$1  25 
'nUSSAUCE.—A  HEW  AHD   COICFLETE   TBEATISE   ON  THE 
^    ABT8  OF  TANKIKGi  CUBEYIHG,  AHD  LEATHER  DBE8S- 
IHG: 

Comprising  all  the  DiscoTeries  and  Improyements  made  in 
France,  Great  Britain,  and  the  United  States.  Edited  from 
Notes  and  Documents  of  Messrs.  Sallerou,  Grouyelle,  DuTaU 
Dessables,  Labarraque,  Payen,  Ben^,  De  Fontenelle,  Mala- 
peyre,  etc.  etc.  By  Prof.  H.  Dussauob,  Chemist.  Illustrated 
by  212  wood  engrayings.     8yo $10  00 

TIUSSAUCE— A  GEHEBAL  TBEATISE  OH  THE  XAHUFACTUBB 
-^   OF  SOAP,  THEOBETICAL  AHD  FBACTICAL : 

Comprising  the  Chemistry  of  the  Art,  a  Description  of  all  the  Raw 
Materials  and  their  Uses.  Directions  for  the  Establishment  of  a 
Soap  Factory,  with  the  necessary  Apparatus,  Instructions  in  the 
Manufacture  of  every  variety  of  Soap,  the  Assay  and  Determination 
of  the  Value  of  Alkalies,  Fatty  Substances,  Soaps,  etc.  etc.  By 
Professor  H.  Dvssauce.  With  an  Appendix,  contoining  Ex- 
tracts from  the  Reports  of  the  International  Jury  on  6oap«,  as 
exhibited  in  the  Paris  Universal  Exposition,  1867,  numerous 
Tables,  etc.  etc.  Illustrated  by  engravings.  In  one  volume  8vo. 
of  over  800  pages $10  00 

'nUSSAUCE.—FBACTICAL  TBEATISE  OH  THE  FABBICATIOH 
^     OF  HATCHES,  GUH  COTTOH,  AHD  FUUOHATIHG  FOW- 

DEES. 

By  Professor  H.  Dussaucb.     12mo.  .        .        .     $3  00 


HEKRT  CAR! 

nUSSAOCE.— &  POACTK 

Being  a  New  Treatise 
Beiutj  without  being 
Description  of  the  bu 
uIeb  of  more  tbaa  ooe 
tics,  Perfamed  Oils, ' 
tares,  InfuaioDB,  Yicl 
Soapa,  nnd  nuui;  Dew  I 
Edited  from  KoleB  m 
e(o.   Withadditjonab; 

nirssAircE.-A  oeubka 

"    OF  VIHEOAB,  THEi> 

CompTiaiDg  tbs  Tnriuu 
oeates,  with  AlDohol,  ^ 
uthaFnbricatiDDorW 

rtTTFUIS^-A  COUPLET 
"  Alts  llAini;A.CTUlt 
From  the  Frtneb  of  H 
McKessii.MD.  llln 
engrdVinga  of  the  bu 
Saest  produisli.  Id  on 
C^  This  Is  a  trenli 
graateat  prncticnl  tbIu 
fn  the  varIst;of  Itaco 


HE  aSATF.— THE  QBOl 

'^  Being  a  Plnin  Praotio 
ita  neaaasar]'  Details,  a 
Engravings  ;  togBthei 
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and  flibrics  now  in  ei 
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pA8T0N.->A  FBACnCAL  TSEATISE  ON  STREET  OS  HOBSE- 
•"     POWER  RAILWAYS : 

Their  Location,  Constraotion,  and  Management ;  with  General 
Plans  and  Rules  for  their  Organization  and  Operation ;  toge- 
ther with  Examinations  as  to  their  Comparatiye  Adyantages 
over  the  Omnibus  System,  and  Inquiries  as  to  their  Value  for 
Investment ;  including  Copies  of  Municipal  Ordinances  relat- 
ing thereto.  By  Alezandeb  Eastok,  C.  E.  Illustrated  by  23 
plates,  8yo.,  cloth $2  00 

pORSYTH.— BOOK  OP  BESIGITS  FOR  HEAB-STONES,  XVBAL, 
'-      ANB  OTHER  M0NTTHENT8 : 

Containing  78  Elaborate  and  S^quisite  Designs.     By  Fobsttq. 

4to.,  cloth $5  00 

*iff*  This  Yolame,  for  the  beauty  and  variety  of  its  designs,  has 
never  been  sarpassed  by  any  publication  of  the  kind,  and  should 
be  in  the  hands  of  every  marble-worker  who  does  fine  monumental 
work. 

pAntBAIBN.— THE  PRIBCIPLES  OF  MECHANISH  AHB  MA- 

^      CHINERY  OF  TRAHSiaSSION : 

Comprising  the  Principles  of  Mechanism,  Wheels,  and  Pulleys, 
Strength  and  Proportions  of  Shafts,  Couplings  of  Shafts,  and 
Engaging  and  Disengaging  Gear.  By  Williah  Faibbaibn, 
Esq.,  C.  E.,  LL.  D.,  F.  R.  S.,  F.  G.  S.,  Corresponding  Member 
of  the  National  Institute  of  France,  and  of  the  Royal  Academy 
of  Turin ;  Chevalier  of  the  Legion  of  Honor,  etc.  etc.  Beau- 
tifully illustrated  by  over  150  wood-cuts.   In  one  volume  12mo. 

$2  60 

pAXRBAIRir.— PRIME-MOVERS : 

Comprising  the  Accumulation  of  Water-power ;  the  Construc- 
tion of  Water-wheels  and  Turbines;  the  Properties  of  Steam; 
the  Varieties  of  Steam-engines  and  Boilers  and  Wind-mills. 
By  William  Faibbairn,  C.  E.,  LL.  D.,  F.  R.  S.,  F.  G.  S.  Au- 
.  thor  of  <*  Principles  of  Mechanism  and  the  Machinery  of  Trans- 
mission." With  Numerous  Illustrations.  In  one  volume.  (In 
press.) 

piLBART.— A  PRACTICAL  TREATISE  ON  BAHKIirO: 

^    By  James  William  Gilbabt.     To  which  is  added:  The  Na- 
TioiTAL  Bank  Act  as  now  in  fobcb.     Svo.        .        .    $4  50 

rtESllER^A  PRACTICAL  TREATISE  OH  COAL,  PETROLEUM, 

^     AKD  OTHER  BISTILLEB  OILS. 

By  Abraham  Gesner,  M.  D.,  F.  G.  S.  Second  edition,  revised 
and  enlarged.  By  Georob  Weltdbn  Gesner,  Consulting 
Chemist  and  Engineer.    Illustrated.     8vo.      .        .    $3  50 
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n  OTHIG  AIBTJH  FOB  CABINET  MAXEBS : 

Comprising  a  Collection  of  Designs  for  Gothic  Furnitare.  H- 
lastrated  by  twentj-three  large  and  beautifolly  engraved 
plates.    Oblong $8  00 

HBANT.— BEET-BOOT   STTOAB   AHD  CULTIVATION  OF  TBS 
^    BEET: 

B7  £.  B.  Grant.    12mo. $1  25 

nBEOOBT.— 1CATHE1IATIC8  FOB  PBACnCAL  XEH : 

Adapted  to  the  Parsuits  of  Surveyors,  Architects,  Mechanics, 
and  Civil  En^neers.  By  Olinthus  Gbegobt.  8vo.,  plates, 
cloth $8  00 

nBISWOLB.— BAILBOAD  EBOIBEEB'S  POCKET  COHFAHIOV. 

Comprising  Rules  for  Calculating  Deflection  Distances  and 
Anglos,  Tangential  Distances  and  Angles,  and  all  Necessary 
Tables  for  Engineers;  also  the  art  of  Levelling  from  Prelimi- 
nary Survey  to  the  Construction  of  Railroads,  intended  Ex- 
pressly for  the  Young  Engineer,  together  with  Numerous  Valu- 
able Rules  and  Examples.    By  W.  Gbiswold.     12mo.,  tucks. 

1175 

nTJEniEB.— METALLIC  ALLOYS : 

Being  a  Practical  Guide  to  their  Chemical  and  Physical  Pro- 
perties, their  Preparation,  Composition,  and  Uses.  Translated 
from  the  French  of  A.  Guettibk,  Engineer  and  Director  of 
Founderies,  author  of ''  La  Fouderie  en  France,"  etc.  etc.  By 
A.  A.  Fesquet,  Chemist  and  Engineer.   In  one  volume,  12mo. 

$3  00 

'D'ATS  AHB  FELTIHa: 

A  Practical  Treatise  on  their  Manufacture.    By  a  Practical 

Hatter.    Illustrated  by  Drawings  of  Machinery,  &c.,  8vo. 

$1  25 

-n'AY.— TEE  IBTEBIOB  DECOBATOB : 

The  Laws  of  Harmonious  Coloring  adapted  to  Interior  Decora- 
tions: with  a  Practical  Treatise  on  House-Painting.  By  D. 
R.  Hat,  House-Paint«r  and  Decorator.  Illustrated  by  a  Dia- 
gram of  the  Primary,  Secondary,  and  Tertiazy  Colors.    12mo. 

$2  25 


w 


GHES.— AVSBICAir   XILLEB   AVB   lOLLWBIGflrB   AS- 
SISTANT: 

By  Wk.  Cabtbb  Hughes.    A  new  edition.    In  one  Tolume, 
12mo ...        *    $1  60 
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11  UJiT.— TEE  PRACTICE  OF  PHOTOGEAPHT. 

By  RoBBBT  Hunt,  Vice-President  of  the  Photographio  Society, 
London.   With  nnmerous  illustrations.    12mo.,  cloth  .  75 


TrnR8T.--A  HAITD-BOOX  EOE  AECHXTECTUBAL  SURVET0E8 : 

Comprising  Formules  asefal  in  Designing  Builders'  work,  Table 
of  Weights,  of  the  materials  used  in  Building,  Memoranda 
connected  with  Builders'  work,  Mensuration,  the  Practice  of 
Builders'  Measurement,  Contracts  of  Labor,  Valuation  of  Pro- 
perty, Summary  of  the  Practice  in  Dilapidation,  etc.  etc.  By 
J.  F.  HuBST,  C.  £.    2d  edition,  pocket-book  form,  full  bound 

$2  60 

TERVIS.— RAILWAT  PROPEETT: 

A  Treatise  on  the  Construction  and  Management  of  Railways ; 
designed  to  a£ford  useful  knowledge,  in  the  popular  style,  to  the 
holders  of  this  class  of  property ;  as  well  as  Railway  Mana- 
gers, Officers,  and  Agents.  By  John  B.  Jebyis,  late  Chief 
Engineer  of  the  Hudson  RiTer  Railroad,  Croton  Aqueduct^  &c. 
One  vol.  12mo.,  cloth        .       .        .        .       .         .    |2  00 


TOEESOE.— A  REPORT  TO  THE  EAVT  DEPARTKENT  OF  THE 
V      UNITED  STATES  OE  AMERICAK  COALS : 

Applicable  to  Steam  Narigation  and  to  other  purposes.  By 
Waltbb  R.  Johnson.  With  numerous  illustrations.  607  pp. 
8yo.,  .        .  ...  $10  00 


T0HFST0E.^nrSTRUCTI0E8  FOR  THE  AHALTSI8  OF  SOUS, 
^      LIME8T0EES,  AND  MAHURE& 

By  J.  W.  F.  Johnston.    12mo.         ....         85 


]7EEHE.— A  HAEB-BOOX  OF  PRACTICAL  OATTGHrff, 

For  the  Use  of  Beginners,  to  which  is  added  a  Chapter  on  Dis- 
tillation, describing  the  process  in  operation  at  the  Custom 
House  for  ascertaining  the  strength  of  wines.  By  James  B. 
Esbnb,  of  H.  M.  Customs.    8to.      .        .  .    $1  25 
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TENTISH^-A  TREATISE  OH  A  BOX  OF  nrSTBUMEHTB, 

And  the  Slide  Rule ;  with  the  Theory  of  Trigonometry  and  Lo* 

garithms,  inclading  Practical  Geometry,  SurTeying,  Measar> 

}     ing  of  Timber,  Cask  and  Malt  Gauging,  Heights,  and  Distances. 

By  Thomas  Ebhtish.    In  one  Tolome.    ]2mo.  .        .    $1  25 


<m)BELL.— ERVI.— HUTERALOaT  BUFUFIED: 

A  short  method  of  Determining  and  Classifying  MmeralSy  bj 
means  of  simple  Chemical  Experiments  in  the  Wet  Way. 
Translated  from  the  last  German  Edition  of  F.  Yon  Eobbll» 
with  an  Introdactlon  to  Blowpipe  Analysis  and  other  addi- 
tions. By  Henbi  Ebki,  M.  D.,  Chief  Chemist,  Department  of 
Agriculture,  author  of  '*Coal  Oil  and  Petroleum."  In  one 
▼olume.    12mo.         ...  .        .  $2  60 


TAHDBnr.^A  TBEATIBE  OH  STEEL: 

Comprising  its  Theory,  Metallurgy,  Properties,  Practical  Work- 
ing, and  Use.  By  M.  H.  C.  Landrin,  Jr.,  Civil  Engineer. 
Translated  ftrom  the  French,  with  Notes,  by  A.  A.  Fbsqust, 
Chemist  and  Engineer.  With  an  Appendix  on  the  Bessemer 
and  the  Martin  Processes  for  Manufacturing  Steel,  from  the 
Report  of  Abkah  S.  Hbwitt,  United  States  Commissioner  to 
the  Universal  Exposition,  Paris,  1867.    ]2mo.  .        .    $8  00 


L 


ARKIH.— THE  FRACHOAL  BRASS  AHD  IROH  FOUHBEE'S 
OTTIDE. 

A  Concise  Treatise  on  Brass  Founding,  Moulding,  the  Metals 
and  their  Alloys,  etc. ;  to  which  are  added  Recent  Improve- 
ments in  the  Manafacture  of  Iron,  Steel  by  the  Bessemer  Pro- 
cess, etc.  etc.  By  Jambs  Larkin,  late  Conductor  of  the  Brass 
Foundry  Department  in  Reany,  Neafie  &  Co.'s  Penn  Works, 
Philadelphia.  Fifth  edition,  revised,  with  extensive  Addi- 
tions.   In  one  volume.    12mo $2  25 
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T  EAVITT.— FACTS  ASOUT  FEAT  AS  AN  ASTICLE  OF  FUEL: 
With  Remarks  upon  its  OrigiQ  and  Composition,  the  Locolitieai 
m  which  it  is  found,  the  Methods  of  Preparation  and  Mana 
facture,  and  the  yarious  Uses  to  which  it  is  applicahle ;  toge 
ther  with  many  other  matters  of  Practical  and  Scientific  Inte> 
reqt.     To  which  is  added  a  chapter  on  the  Utilization  of  Coal 
Dust  with  Peat  for  the  Production  of  an  Excellent  Fuel  at 
Moderate  Cost,  especially  adapted  for  Steam  Service.     By  H. 
T.  LEA.VITT.     Third  edition.     l2mo.  .        .        .     $1  75 

TEBOUX.— A   PRACTICAL   TSEATISE    OH    THE    XAHUFAC- 
^     TJBE  OF  WOESTEDS  AND  CARDED  YARNS: 

Translated  from  the  French  of  Cbarlbs  Lbboux,  Heohaoieal 
Engineer,  and  Superintendent  of  a  Spinning  Mill.  By  Dr  H. 
Paime,  and  A.  A.  Fbsquet.  Illustrated  by  12  large  plates.  In 
one  volume  8vo $6  00 

TESLIE  (MISS).— COKFLETE  COOKERY: 

Directions  for  Cookery  in  its  Various  Branches.  By  Miss 
Leslie.  60th  edition.  Thoroughly  revised,  with  the  addi- 
tion of  New  Receipts.     In  1  vol.  12mo.,  cloth    .        .     $1  60 

T  ESLIE  (MISS).  LADIES*  HOUSE  BOOK : 

a  >lanual  of  Domestic  Economy.  20th  revised  edition.  12mo., 
cloth $1  26 

TESLIE    (MISS).— TWO   HUNDRED   RECEIPTS    IS   FRENCH 
■"     COOKERT. 

12mo 60 

T  lEBER.— ASSAYER'S  GUIDE : 

Or,  Practical  Directions  to  Assayers,  Miners,  and  Smelters,  for 
the  Tests  and  Assays,  by  Heat  and  by  Wet  Processes,  for  the 
Ores  of  all  the  principal  Metals,  of  Gold  and  Silver  Coins  and 
Alloys,  and  of  Coal,  etc.   By  Oscab.  M.  Liebbb.     12mo.,  cloth 

$1  25 

T  07E.— THE  ART  OF  DTEIKO,  CLEANING,  SCOURING,  AND 

-"    FINISHING: 

On  the  most  approved  English  and  French  methods;  being 
Practical  Instructions  in  Dyeing  Silks,  Woollens,  and  Cottons^ 
Feathers,  Chips,  Straw,  etc.;  Scouring  and  Cleaning  Bed  and 

Window  Curtains,  Carpets,  Bugs,  etc.;  Freoch  and  English 
Cleaning,  etc.  By  Tuomas  Lovb.  Second  American  Edition,  to 
which  are  added  General  Instructions  for  the  Use  of  Aniline 
Colors.    8vo 5  Oa 
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liiTAIK  AKD  BKOWK.— QUSSTIOirS  ON  STTBIEGTS  COHITECTED 

^^  WITH  THE  ICABIlTE  8TEAM-E17GIKE : 

And  Examination  Papers;  with  Hints  for  their  Solation.  By 
Thovas  J.  Main,  Professor  of  Mathematics,  Royal  Naval  College, 
and  Thomas  Brown,  Chief  Engineer,  R.  N.     12mo.,  cloth  $1  50 


M 


M 
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AIN  AKB  BBOWK.— THE  INDICATOR  AND  DYNAMOMETER: 

With  their  Practical  Applications  to  the  Steam -Engine.  By 
Thomas  J.  Main,  M.  A.  F.  R.,  Ass^t  Prof.  Royal  Naral  College, 
Portsmouth,  and  Thomas  Brown,  Assoc.  Inst.  C.  E.,  Chief  En- 
gineer, R.  N.,  attached  to  the  R.  N.  College.  Illustrated.  From 
the  Fourth  London  Edition.     8vo.    .         .        .  .     $1  50 

AIN  AND  BROWN.— THE  MARINE  STEAM-ENGINE. 
By  Thomas  J.  Main,  F.  R.  Ass't  S.  Mathematical  Professor  at 
Royal  Naval  College,  and  Thomas  Brown,  Assoc.  Inst.  C.  E. 
Chief  Engineer,  R.  N.  Attached  to  the  Royal  Naval  College. 
Authors  of  "  Questions  Connected  with  the  Marine  Steam-En- 
gine," and  the  "  Indicator  and  Dynamometer."  With  numerous 
Illustrations.     In  one  volume  8vo $5  00 

ARTIN.--8CREW-CDTTING  TABLES,  FOE  THE  USE  OF  ME- 
CHANICAL ENGINEERS : 

Showing  the  Proper  Arrangement  of  Wheels  for  Cutting  the 
Threads  of  Screws  of  any  required  Pitch;  with  a  Table  for 
Making  the  Universal  Gas-Pipe  Thread  and  Taps.  By  W.  A. 
Martin,  Engineer.     8vo 50* 

ILES— A  PLAIN  TREATISE  ON  H0B8E-SH0EINO. 

With  Illustrations.  By  William  Miles,  author  of  '*  The  Horse's 
Foot" 


M 


lUrOLESWORTH.— POCKET-BOOK  OF  USEFUL  FOBMULJB  AND 
^^  MEMORANDA  FOR  CIVIL  AND  MECHANICAL  ENGINEERS. 
By  Guilford  L.  Molksworth,  Member  of  the  Institution  of 
Civil  Engineers,  Chief  Resident  Engineer  of  the  Ceylon  Railway. 
Second  American  from  the  Tenth  London  Edition.  In  one 
volume,  full  bound  in  pocket-book  form    .         .         ,         .    $2  00 

OORE.— THE  INVENTOR'S  GUIDE : 

Patent  Office  and  Patent  Laws :  or,  a  Guide  to  Inventors,  and  a 
Book  of  Reference  for  Judges,  Lawyers,  Magistrates,  and  others. 
By  J   G.  Moore.    ]2mo.,  cloth $1  25 

APIER.— A  MANUAL  OF  ELECTRO-METALLURGY : 

Including  the  Application  of  the  Art  to  Manufacturing  Processes. 
By  James  Napier.  Fourth  American,  from  the  Fourth  London 
edition,  revised  and  enlarged.  Illustrated  by  engravings.  In 
one  volume,  Bvo $2  00 
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API£S.~A  SY8TE1C  OF  CHEHISTRY  APPLIED  TO  DYEING : 
By  Jakes  Napikr,  P.  C.  S.  A  New  and  Thoroughly  Revised 
Edition,  completely  brought  up  to  the  present  state  of  the 
Science,  including  the  Chemistry  of  Coal  Tar  Colors.  By  A.  A. 
Fesquet, 'Chemist  and  Engineer.  With  an  Appendix  on  Dyeing 
and  Calico  Printing,  as  shown  at  the  Paris  Universal  Exposition 
of  1867,  from  the  Reports  of  the  International  Jury,  etc.  Illus- 
trated.   In  one  volume  8vo.,  400  pages    .        .        .        .     $5  00 

|TEWB£RY.— OLEANDiaS    FROM    OBNAICENTAL    ART    OF 
•"    EVERY  STYLE ; 

Drawn  from  Examples  in  the  British,  South  Kensington,  Indian* 
Crystal  Palace,  and  other  Museums,  the  Exhibitions  of  1851  and 
1862,  and  the  best  English  and  Foreign  works.  In  a  series  of  one 
hundred  exquisitely  drawn  Plates,  containing  many  hundred  ex- 
amples.    By  Robert  Newbery.    4to $15  00 

ICHOLS0N.--A  MAKUAL  OF  THE  ART  OF  BOOK-BIHDIHG : 

Containing  full  instructions  in  the  different  Branches  of  Forward- 
ing, Gilding,  and  Finishing.  Also,  the  Art  of  Marbling  Book- 
edges  and  Paper.  By  James  B.  Nicholson.  Illustratied.  12mo. 
cloth  ....  $2  2i 

IJORRIS.— A  HAND-BOOK  FOR  LOCOMOTIVE  EHOIKEERS  AHD 
^^    MACHIiriSTfl: 

Comprising  the  Proportions  and  Calculations  for  Constructing 
Locomotives;  Manner  of  Setting  Valves;  Tables  of  Squares, 
Cubes,  Areas,  etc.  etc.  By  Septimus  Norris,  Civil  and  Me- 
chanical Engineer.    New  edition.    Illustrated,  I2mo.,  cloth 

$2  00 

-m^STROU.  — ON    TECHNOLOGICAL   EDUCATION    AND  THE 
^^    CONSTRUCTION  OF  SHIPS  AND  SCREW  PROPELLEBS : 

For  Naval  and  Marine  Engineers.  By  John  W.  Nystroic,  lata 
Acting  Chief  Engineer  U.  S.  N.  Second  edition,  revised  with 
additional  matter.    Illustrated  by  seven  engravings.     12mo. 

$2  50 

*NEILL.— A  DICTIONARY  OF  DYEINO  AND  CALICO  PRINT- 
ING: 

Containing  a  brief  account  of  all  the  Substances  and  Processes  in 
use  in  the  Art  of  Dyeing  and  Printing  Textile  Fabrics :  with  Prac- 
tical Receipts  and  Scientific  Information.  By  Charles  O'Neill, 
Analytical  Chemist ;  Fellow  of  the  Chemical  Society  of  London; 
Member  of  the  Literary  and  Philosophical  Socic^ty  of  Manchester ; 
Author  of  "Chemistry  of  Calico  Printing  and  Dyeing."  To  which 
is  added  An  Essay  on  Coal  Tar  Colors  and  their  Application  to 
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Dyeing  and  Calico  Printing.  By  A.  A.  Fesquet,  Chemist  and 
Engineer.  With  an  Appendix  on  Dyeing  and  Calico  Printing,  as 
ahown  at  the  Expoaition  of  1867,  from  the  Report*  of  the  Interna, 
tional  Jury,  etc.    In  one  volame  8vo.,  491  pages  .     $6  00 

Q8B0RK.~THE  XETALLUBGY  07  XBOIT  AKD  STEEL: 

Theoretical  and  Practical :  In  all  ita  Branches  ;  With  Special  Re- 
ference to  American  Materials  and  Processes.  By  11.  S.  Osborx, 
LL.  D.,  Professor  of  Mining  and  Metallurgy  in  Lafayette  College, 
Easton,  Pa.  Illustrated  by  230  Engravings  on  Wood,  and  5 
Folding  Plates.     Sto.,  972  pages $10  00 

QSBOEN.— AKERICAH  MINES  AND  MINIVO  : 

^    Theoretically  and  Practically  Considered.     By  Prof.  H.  S.    Os- 
BORN,  Illnstraied  by  numerous  engravings.  8vo.  {Ih  preparation.) 

pAHiTfeB,  GILDEB,  ^D  VAENISH£S*8  COMPANIOK : 

Containing  Rules  and  Regulations  in  everything  relating  to  the 
Arts  of  Painting,  Gilding,  Varnishing,  and  Glass  Siaining,  with 
numerous  useful  and  valuable  Receipts ;  Tests  for  the  Detection 
of  Adulterations  in  Oils  and  Colors,  and  a  statement  of  the  Dis- 
eases and  Accidents  to  which  Painters,  Gilders,  and  Varnishers 
are  particularly  liable,  with  the  simplest  methods  of  Prevention 
and  Remedy.  With  Directions  for  Graining,  Marbling,  Sign  Writ- 
ing, and  Gilding  on  Glass.  To  which  are  added  Complete  Ixstruc- 
TioKS  FOR  Coach  Paintiho  and  Varnishing.    12mo.,  cloth,  $1  50 

pALLETT.— THE   KILLSB'S,    MILLWBIGHT'S,    AND    ENGI- 

^     HEEB'S  GTTIBE. 

By  Henrt  Pallbtt.    Illnstrated.    In  one  vol.  12mo.      .    $3  00 

pEBKHrS.— GAS  AKD  VENTILATION. 

PrncticaUTreatise  on  Gas  and  Ventilation.  With  Special  Relation 
to  Illuminating,  Heating,  and  Cooking  by  Gas.  Including  Scien- 
tific Helps  to  Engineer-students  and  others.  With  illustrated 
Diagrams.    By  £.  E.  Perkins.     12mo.,  cloth  .        .        .     $1  25 

pERBINS  AND  STOWE.-<A  NEW  GUIDE  TO  THE  SHEET-IHON 

^    AND  BOILEB  PLATE  BOLLER : 

Containing  a  Series  of  Tables  showing  the  Weight  of  Slabs  and 
Piles  to  Produce  Boiler  Plates,  and  of  the  Weight  of  Piles  and  the 
Sizes  of  Bars  to  Produce  Sheet-iron ;  the  Thickness  of  the  Bar 
Gauge  in  Decimals ;  the  Weight  per  foot,  and  the  Thickness  on 
the  Bar  or  Wire  Gauge  of  the  fractional  parts  of  an  inch ;  the 
Weight  per  sheet,  and  the  Thickness  on  the  Wire  Gauge  of  Sheet- 
iron  of  various  dimensions  to  weigh  112  lbs.  per  bundle ;  and  the 
conversion  of  Short  Weight  into  Long  Weight,  and  Long  Weight 
into  Short.  Estimated  and  collected  by  G.  H,  Perkins  and  J.  G* 
Stowb $2  59 
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pHILLIPS  Ain)  DABLIK6T0N.— BEC0RD8  OF  MIKIKO  AITO 
^    METALLTTRGY: 

Or,  Facts  and  Memoranda  for  the  use  of  the  Mine  Aj^ent  and 
Smelter.  By  J.  Arthur  Phillips,  Mining  Engineer,  Graduate  of 
the  Imperial  School  of  Mines,  France,  etc.,  and  John  Darlington. 
Illustrated  by  numerous  engravings.     In  one  vol.  12mo.  .     $2  00 

pRADAL,    HALEFEYRE,    AKD    DUBSATTGE.  — A    COKFLETE 
*''     TREATISE  OH  PERFTJXERY: 

Containing  notices  of  the  Raw  Material  used  in  the  Ait,  and  the 
Best  FormulaB.  According  to  the  most  approved  Methods  followed 
in  France,  England,  and  the  United  States.  By  M.  P.  Pradal, 
Perfumer-Chemist,  and  M.  F.  Malepeyre.  Translated  from  the 
French,  with  extensive  additions,  by  Prof.  H.  Dussaucb.  8vo.  $10 

pROTEAUX.— PRACTICAL  GtnDE  FOR  THE  KAHUFACTURE 

''-     OF  PAPER  Ain)  BOARBB. 

By  A.  Proteaux,  Civil  Engineer,  and  Graduate  of  the  School  of 
Arts  and  Manufactures,  Director  of  Thiers's  Paper  Mill,  'Puy-de- 
Ddm<S.  With  additions,  by  L.  S.  Le  Normand.  Translated  from 
the  French,  with  Notes,  by  Horatio  Paine,  A.  B.,  M.  D.  To 
which  is  added  a  Chapter  on  the  Manufacture  of  Paper  from  Wood 
in  the  United  States,  by  Henry  T.  Brown,  of  the  ''American 
Artisan."  Illustrated  by  six  plates,  containing  Drawings  of  Raw 
Materials,  Machinery,  Plans  of  Paper-Mills,  etc.  etc.    8vo.  $5  00 

-pEGNAULT.— ELEMENTS  OF  CHEMISTRY. 

"^  By  M.  V.  REGNAULt.  Translated  from  the  French  by  T.  For- 
rest Benton,  M.  B.,  and  edited,  with  notes,  by  James  C.  Booth, 
Melter  and  Refiner  U.  S.  Mint,  and  Wm.  L.  Faber,  Metallui^ist 
and  Mining  Engineer.  Illustrated  by  nearly  700  woo^  engravings. 
Comprising  nearly  1500  pages.     In  two  vols.  8vo.,  cloth     $10  00 

-DEID.— A  PRACTICAL  TREATISE  OK  THE  MAHUFACTTJRE  OF 

^   PORTLAND  CEMENT: 

By  Henry  Re  id,  C.  E.  To  which  is  added  a  Translation  of  M. 
A.  Lipowitz's  Work,  describing  a  new  method  adopted  in  Germany 
of  Manufacturing  that  Cement.  By  W.  F.  Reid.  Illustrated  bj 
plates  and  wood  engravings.     8vo «     .     $7  00 

TDIFFATJLT,    TERGNAITD,    AND   TOUBBAINT.— A   PRACTICAL 
^  TREATISE    ON  THE   MANXTFAGTURE    OF    COLORS   FOB 
PAINTING: 

Containing  the  best  Formules  and  the  Processes  the  Newest  and 
in  most  General  Use.  By  MM.  Riffault,  Veronaud,  and  Tors- 
SAINT.  Revised  and  Edited  by  M.  F.  Malepeyre  and  Dr.  Ehil 
WiNCKLER.  Illustrated  by  Engravings.  In  one  vol.  8vo.  [In 
f  reparations) 
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PIFFAULT,  VEBeNAUD,   AITS   TOUSSAIHT.— A   PRACTICAL 
TREATISE  OK  THE  KAinTFACTURE  OF  VARNISHES: 
By  MM.  RiFFAULT,  Yeronaud,  and  Toussaint.    Revised  and 
Edited  by  M.  F.  Malepeyrb  and  Dr.  Ehil  Wimcklbb.    IIIub- 
trated.     In  one  vol.  870.     {In  preparation.) 

OHTJNX^A  PRACTICAL  TREATISE  OH   RAILWAY  CITRYSS 
^    AHD  LOCATIOH,  FOR  YOTTHO  EHOIHEERS. 

By  Wh.  F.  Shustk,  Civil  Engineer.    12mo.,  tacks    .        .    $2  00 

OMEATOH^BUILDER'S  POCKET  COKPAHIOH: 

Containing  the  Elementfl  of  Building,  Sanreying,  and  Architec. 
tare ;  with  Practical  Rales  and  Instrnotions  connected  with  the  sab- 
jeet.  By  A.  C.  Sbeatoit,  Civil  Engineer,  etc.  In  one  volume, 
12nio $1  50 

ranTH.— THE  DYER'S  IHSTRUCTOR: 

Comprising  Practical  Instrnotions  in  the  Art  of  Dyeing  Silk,  Cot- 
ton, Wool,  and  Worsted,  and  Woollen  Goods :  containing  nearly 
800  Receipts.  To  which  is  added  a  Treatise  on  the  Art  of  Pad- 
ding; and  the  Printing  of  Silk  Warps,  Skeins,  and  Handkerchiefs, 
and  the  various  Mordants  and  Colors  for  the  different  styles  of 
snch  work.    By  David  Smith,  Pattern  Dyer,  12mo.,  cloth 

$3  06 

OHITH.~THE  PRACTICAL  DYER'S  GI7IDE: 

Comprising  Practical  Instroctions  in  the  Dyeing  of  Shot  Cobonrgs, 
Silk  Striped  Orleans,  Colored  Orleans  from  Black  Warps,  ditto 
from  White  Warps,  Colored  Cobourgs  from  White  Warps,  Merinos, 
Yarns,  Woollen  Cloths,  etc.  Containing  nearly  300  Receipts,  to 
most  of  which  a  Dyed  Pattern  is  annexed.  Also,  a  Treatise  on 
the  Art  of  Padding.     By  David  SMrrH.     In  one  vol.  8vo.  $25  00 

OHAW.— CIYIL  ARCHITECTURE: 

Being  a  Complete  Theoretical  and  Practical  System  of  Building, 
containing  the  Fundamental  Principles  of  the  Art.  By  Edward 
Shaw,  Architect.  To  which  is  added  a  Treatise  on  Gothic  Archi- 
tecture, &fi.  By  Thovas  W.  Silloway  and  George  M.  Hard- 
ixa ,  Architects.  The  whole  illustrated  by  102  quarto  plates  finely 
engraved  on  copper.    Eleventh  Edition.    4to.     Cloth.        $10  00 

OLOAH.— AMERICAN  H017SES: 

A  variety  of  Original  Designs  for  Rural  Buildings.  Illustrated  by 
20  colored  Engravings,  with  Descriptive  References.  By  Saicuel 
Sloak,  Architect,  author  of  the  **  Model  Architect,"  etc.  etc.  8vo. 

$2  50 

OCHIHZ^RESEARCHES  OH  THE  ACTION  OF  THE  BLAST. 
^    FURNACE. 

By  Chab.  ScHurz.    Seven  plates.    12mo.         .  .    $4  25 
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OMITH.— PABES  AKD  PLEASVBE  OBOITHDS  : 

Or,  Practical  Notes  on  Country  Residences,  Villas,  Public  Parks, 
and  Gardens.  By  Charles  H.  J.  Smith,  Landscape  Gardener 
and  Garden  Architect,  etc.  etc.     12mo.    .        .        .        .    $2  25 

qTOKES^-GABIHET-MAKER'S  AITS  TIPHOLSTEBEB'8  COKPA- 

Comprising  the  Rudiments  and  Principles  of  Cabinet-making  and 
Upholfitery,  with  Familiar  Instructions,  Illustrated  by  Examples 
for  attaining  a  Proficiency  in  the  Art  of  Drawing,  as  applicable 
to  Cabinet-work  ;  The  Processes  of  Veneering,  Inlaying,  and 
Buhl- work ;  the  Art  of  Dyeing  and  Staining  Wood,  Bone,  Tortoise 
Shell,  etc.  Directions  for  Lackering,  Japanning,  and  Varnishing ; 
to  make  French  Polish ;  to  prepare  the  Best  Glues,  Cements,  and 
Compositions,  and  a  number  of  Receipts,  particularly  for  workmen 
generally.     By  J.  Stokes.   In  one  vol.  12mo.    With  illustrations 

$1  26 

OTBEKGTH  AlH)  OTHEB  FBOPEBTIES  OF  METALS. 

Reports  of  Experiments  on  the  Strength  and  other  Properties  of 
Metals  for  Cannon.  With  a  Description  of  the  Machines  for  Test- 
ing Metals,  and  of  the  Classification  of  Cannon  in  service.  By 
Officers  of  the  Ordnance  Department  U.  S.  Army.  By  authority 
of  the  Secretary  of  War.  Illustrated  by  25  large  steel  plates.  In 
1  vol.  quarto .  $10  00 

qilLLIYAH.—PBOTECTIOir  TO  KATIVE  UrDTTBTBT. 

'^    By  Sir  Eowabq  Sullivan,  Baronet.    (1870.)    8to.        .    $1  50 

rjiABLEB  SHOWING  THE  WEIGHT  OF  EOTTin),  BQirABE,  AJTB 
^    FLAT  BAB  IRON,  STEEL,  ETC. 

By  Measurement.     Cloth 03 

rpATLOB.— STATISTICS  OF  COAL: 

Including  Mineral  Bituminous  Substances  employed  in  Arts  and 
Manufactures  ;  with  their  Geographical,  Geological,  and  Commer- 
cial Distribution  and  amount  of  Production  and  Consumption  on 
the  American  Continent.  With  Incidental  Statistics  of  the  Iron 
Manufacture.  By  R.  C.  Taylor.  Second  edition,  revised  by  S. 
S.  Haldexan.  Illustrated  by  five  Maps  and  many  wood  engrar- 
ings.     Svo.,  cloth $6  00 

mEVPLETOK.— THE   PRACTICAL  EXAXINATOB   OH   SIEAX 

^    AND  THE  STEAK-ENGINE : 

With  Instructive  References  relative  thereto,  for  the  Use  of  Engi- 
neers, Students,  and  others.  By  Wm.  Temple  ton.  Engineer   12mo. 

$1  25 
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mHOKAS.— THE  HODERH  PBACTICE  OF  PHOTOGRAPHY. 

^    By  R.  W.  Thomas,  F.  C.  S.    8vo.,  cloth  .        ...  76 

qiHOMSOH.— FREIGHT  CHARGES  CALCTTLATOR. 

By  Akdrbw  Thomson,  Freight  Agent      .        .        .        .     $1  25 

•pURKIKG :  SPECIMENS  OF  FANCY  TTTRNING  EXECUTED  ON 
THE  HAND  OR  FOOT  LATHE: 

With  Geometrio,  Oval,  and  Eooentrio  Chucks,  and  Elliptical  Cat- 
ting Frame.  By  an  Amatear.  Illustrated  by  30  ezqnisite  Pho- 
tographs.   4to $3  00 

tpURNER'S  (THE)  COMPANION: 

Containing  Instniotions  in  Concentric,  Elliptic,  and  Eccentrio 
Taming;  also  yarious  Plates  of  Cbacks,  Tools,  and  Instru- 
ments; and  Directions  for  using  the  Eccentric  Cutter,  Drill, 
Vertical  Qutter,  and  Circular  Rest ;  with  Patterns  and  Instruc- 
tions for  working  them.     A  new  edition  in  1  vol.  12mo.        $1  50 

rpBIN— BRTJLL.  — A   PRACTICAL    GUIDE   FOR   PUDDLING 
IRON  AND  STEEL. 

By  Ed.  Urbix,  Engineer  of  Arts  and  Manufactures.  A  Prize 
Essay  read  before  the  Association  of  Engineers,  Graduate  of  the 
School  of  Mines,  of  Liege,  Belgium,  at  the  Meeting  of  1885-6. 
To  which  is  added  a  Comparison  of  the  Resisting  Properties 
OF  Iron  and  Steel.  By  A.  Brull.  TransUted  from  the  French 
by  A.  A.  Fesquet,  Chembt  and  Engineer.    In  one  yolnme,  8vo. 

$1  00 

T70GDES.'THE  ARCHITECT'S  AND  BUILDER'S  POCKEl  COM- 
^    PANION  AND  PRICE  BOOK. 

By  F.  W.  YoGDKS,  Architect.  Illustrated.   Full  bound  in  pooket> 

book  form $2  00 

In  book  form,  ISmo.,  muslin    .        .        .        .        .        .      1  50 

WARN.— THE  SHEET  METAL  WORKER'S  INSTRUCTOR,  FOR 
^^  ZINC,   SHEET-IRON,   COPPER  AND   TIN  PLATE   WORK' 
ERS,  &e. 

By  Reuben  Henry  Warn,  Proctical  Tin  Plate  Worker.  Illus- 
trated by  32  plates  and  37  wood  engrarings.    8vo.    .        .     $3  CO 

nrrATSON.— A  manual  of  the  hand-lathe. 

'''  By  Egbert  P.  Watson,  Late  of  the  "  Scientific  American,"  Au- 
thor of  "Modern  Practice  of  American  Machinists  and  Enj|;i- 
neers,"    In  one  Tolume,  12mo. $1  50 
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WATSOK.— THE  KODEBH  PBACTICE   OF  AMXSICAH  lUr 
^'   CHINI8TB  AND  EKGUTEEBS: 

Inoluding  the  Constraction,  ApplieatSon,  and  Use  of  DrQIs,  Lathe 
Tools,  Cutters  for  Boring  CylinderSi  and  Hollow  Work  Generally, 
with  the  most  Economical  Speed  of  the  same,  the  Results  verified 
bj  Aetna]  Practice  at  the  Lathe,  the  Vice,  and  on  the  Floor. 
Together  with  Workshop  management,  Economy  of  Manufiustnre, 
the  Steam-Engine,  Boilers,  Gears,  Belting,  etc.  eto.  By  Egbert 
P.  Watsoit,  late  of  the  "Scientific  American.^'  Blnstrated  by 
eighty-six  engrayings.    12mo. $2  50 

WATSON^-THE  THEORY  AKD  PRACTICE  OF  THE  ART  OF 
' '  WEAYIHO  BY  HAND  AHD  POWER : 

With  Calculations  and  Tables  for  the  use  of  those  connected  with 
the  Trade.  By  Joh5  Watson,  Manufacturer  and  Practical  Machine 
Maker.  Illustrated  by  large  drawings  of  the  best  Power-Looms. 
8vo. $10  0» 

nrrEATHERLY.— TREATISE   OK  JHE  ART  OF  BOIUKG   817- 
^^  GAR»    CRYSTALLIZING,     LOZENGE-MAKING,     COMFITS, 
OTTK  GOODS, 

And  other  processes  for  Confectionery,  Ac.  In  which  are  ex- 
plained, in  an  easy  and  familiar  manner,  the  rarious  Methods 
of  Manufacturing  erery  description  of  Raw  and  Refined  Sugar 
Goods,  as  sold  by  Confectioners  and  others        .  .     $2  OO 


W 


ILL.— TABLES  FOR  aUALITATIVE  CHEMICAL  ANALYSIS. 
By  Prof.  Hkikrich  Wii^l,  of  Giessen,  Germany.  Serenth  edi- 
tion. Translated  by  Charles  F.  Hixks,  Ph.  D.,  Professor  of 
Natural  Science,  Dickinson  College,  Carlisle,  Pa.  .     $1  25 


'ycriLLIAMS.— ON  HEAT  AND  STEAM: 

Embracing  New  Views  of  Vaporisation,  Condensation,  and  Espan- 
sion.   By  Charlbs  Wtb  Williams,  A.  I.  C.  E.   Illustrated.   8vo. 

$3  50 

OESSAM.— ON  MECHANICAL  SAWS: 

From  the  Transactions  of  the  Society  of  Engineerv,  1807.    By 
S.  W.  WoBsaAx,  Jr.    Illustrated  by  18  large  folding  plates.    8to. 

$5  00 
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OHLER.*A  HAND-BOOK  OF  MINERAL  ANALYSIS. 
By  P.  WShlbr.    Edited  by  H.  B.  Nason,  Professor  of  Chemistry, 
Rensselaer  Institute,  Troy,  N.  Y.    With  numerous  Illustrations. 
12mow $3  00 


'  / 


J-  '^r 


^-<4t    '*>      ^ 


/ 


'    / 


//.     :/^^ 


y 


^0     ^o^ 

^0 


3  2044  053  916  433 


f^fyj  j.-^  |_r 


